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PREFACE. 



The constant progress made in every department of 
physical science, is a sufficient apology for the prepara- 
tion and publication of a new elementary text-book on 
Natural Philosophy. 

The principles of physical science are so intimately 
connected with the arts and occupations of every-day 
life, with our very existence and continuance as sentient 
beings, that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete as 
opportunity and time will permit. With this view, the 
author has endeavored to render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra- 
tions and examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com* 
plete and accurate, and in full accordance with the latest 
results of scientific discovery and research. 

In the arrangement of the subjects treated of, and in 
the incorporation of questions with the text, the most ap- 
proved methods, it is believed, have been followed. The 
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teacher will also observe that the principles and import- 
ant propositions are presented in large and prominent 
type^ and the observations and illustrations in smaller 
letters. The advantage of this to the learner is most 
evident. 

HeaT; which is often considered as belonging more 
especially to chemistry^ has been discussed at lengthy and 
the familiar application of its principles in the industrial 
arts^ in warming and ventilation^ in the production of 
dew, etc., carefully explained. A full and complete 
outline of the subject of Meteorology has also been' 
given. On the other hand, Astronomy, which is often 
included in text-books on Natural Philosophy, has been 
omitted, as rightfully and properly forming the subject 
of a separate treatise. 

An elementary work on physical science can have little 
claim to originality, except in the arrangement and classi- 
fication of subjects, and the selection of illustrations. In 
this respect the author makes no pretensions, and ac- 
knowledges his indebtedness to the very superior French 
treatises of Ganot, Delaunay, Archambault, and to the 
writings of Miiller, Amott, Lardner, Brewster, and others. 

The engravings in the present volume are of a superior 
character, and have been prepared^ in part, from new and 
original designs. 

Nxw YOBK, August, 185*7. 
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NATURAL PHILOSOPHY. 



INTRODUCTION. 

What is Nat- 1- NATURAL PHILOSOPHY, OF PhYSICS, is that 

p^?^*^***^ department of science which treats of all those 
phenomena observed in masses of matter, in 
which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of all 
^^i^T those phenomena observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of the 
matter itself^ and not merely a change of place. 

3. A falling body, the motion of our limbs 
^pi^*"f the ^^ ^^ machinery, the flow of liquids, the occur- 
NataS^M- '®^ce of sound, the changes occasioned by the 
losophyT action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natural Philosophy, to conceive or 
im^ne any thing, for the truths of all its laws and principles may be proved 
by direct observation, — ^that is, by the use of our senses. "When we conceive, 
reason, or imagine concerning the properties of matter, we have in reality 
passed beyond the limits of Natural Philosophy, and entered upon the applica- 
tion of the laws of mmd or of mathematics to the principles of Natural PhUoa- 
ophy. Practically, however, no such division of the subject is ever made. 

The truths and operations of Chemistry, in contradistinction to the truths 
and operations of Natural Philosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hands, or move a heavy body by a 
lever, we are enabled to see exactiy how the different substances come in 

1* 
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contact, how they press upon one another, and how the power is transmitted 
from one point to another : these are experiments in Natural Philosophy, in 
which every part of the operation is clear to our senses. But when we mix 
alcohol and water together, or bum a piece of coal in a fire, we see merely 
the result of these processes, and our senses give us no direct information of 
the manner in which one particle of alcohol acts upon another particle of 
water, or how the oxygen of the air acts upon the coaL These are experi- 
ments in Chemistry, in which we can not perceive every part of the operation 
by means of our senses, but only the results. Had there been but one kind 
of substance or matter in the universe, the laws of Natural Philosophy would 
have explained all the phenomena or changes which could possibly take 
place ; and as the character, or composition of tMs one substance, could not be 
changed by the action of any different substance upon it, there could be no 
such department of knowledge as Chemistry. 

4. The term Physics is often used instead 
^thSTrSi of tbe term Natural Philosophy, both having 
Physics? ii^Q gj^jjjQ general meaning and signification. 

It is also cusjjomary to speak of " Physical 
Laws," " Physical Phenomena," and " Physical Theories/' 
instead of saying the laws, phenomena, and theories of 
Natui-al Philosophy. 

5. A Physical Law is the constant relation 
PhysicS^LawB which cxists bctween any phenomenon and its 
"* *** ^ cause. A Physical Theory is an exposition 
of all the laws which relate to a particular class of 
phenomena. 

Thus, when we speak of the " theory" of heat, ov of electricity, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electricity; but when we use the expression a ")aw*' of heat, of light, or of 
electricity, we have reference to a particular department of the whole subject. 



CHAPTER I. 

MATTER, AND ITS GENERAL PROPERTIES. 

1. Matter is the general name which has 
^'^to'?''**' been given to that substance which, under an 
infinite variety of forms, affects our senses. 
We apply the term matter to every thing that occupies 
space, or that has length, breadth, and thickness. 
How do we 2' ^* ^® ^^^y through the agency of our five 
Sr^SSstaT senses (hearing, seeing, smelling, tasting, and 
feeling), that we are enabled to know that any 
matter exists. A person deprived of all sensation, could 
not be conscious that he had any material existence. 
What is a 3- -^ BODY is any distinct portion of matter 

^*y^ existing in space. 
What are the ^' ^^^ proportics, or thc qualities of matter, 
S?^?^ ®' are the powers belonging to it, which are capa- 
ble of exciting in our mind certain sensations. 

It is only through the different sensations which different sabstances ex- 
cite in our minds, or, in other words, it is by means of their different 
properties, that we are enabled to distinguish one form or variety of matter 
^m another. 

The forms and combinations of matter seen in the animal, vegetable, and 
mineral kmgdoms of nature, are numberless, yet they are all composed of 
a very few simple substances or elements. 

whattaasim- ^' ^7 ^ simplo substauce we mean one 
piesabstance? which has ncvcr been derived from, or sepa^ 
rated into any other kind of matter. * 

Gold, slver, iron, oxygen, and hydrogen, are examples of simple sub* 
stances or elements, because we are unable to decompose them, convert 
them into, or create them from, other bodies. 

What la the ^' ^^® uumbcr of the elements or simple 
Srataf *^* substances with which we are at present ac- 
quainted, is sixty-two. 
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7. These substances are not all equally 
°°^tedf*" distributed over the surface of the earth : 

most of them are exceedingly rare, and only 
known to chemists. Some ten or twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

All the different forms and varieties of matter are in some respects alike 
- — ^that is, they all possess certain general properties. Some of these prop- 
erties are essential to the very existence of a body; others are non- 
essential, or a body may exist without them. Thus it is essential to the 
existence of a body that it should occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not necessary for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential properties. 

8. The following are the most important of 
S2S\mport- the general properties of matter — Magnitude 
SfnSttSV**" or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In- 
destructibility. * 

9. By Magnitude we mean the property 
^'^tade?*^ of occupjdng space. We can not conceive that 

a portion of mrttter should exist so minute a^ 
to have no magnitude, dl^in other words, to occupy no 
space. 

The SX7BFACES of a body are the external limits of its magnitude ; the 
SIZE of a body is the quantity of space it occupies j the area of a body 
is its quantity, or extent of surface. 

The FIGURE of a body is its form or shape, as expressed by its bound- 
aries or terminating extreihities. The volume of a body is the quantity of 
BpSuce included within iis external surfaces. The figure and volume of a 
body are entirely independent of each other. Bodies having very different 
figures*^*fnay have the same volume, or bodies of the same figure may have 
very difl^ent volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
may have the same volume, that is, may contain the same amount of matter 
within their sur&ces, but possess very different figures. 

10. By Impenetrability we mean that 
JSSteabimy f property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 
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There are many instances of apparent penetration of matter, but in all of 
them the particles of the body which seem to be penetrated are merely 
displaced. When a nail is driven into a piece of wood, the particles oi 
wood are not penetrated, but merely displaced. If a needle be plunged into 
a vessel of water, all the water which previously filled the space into which 
It entered, will be displaced, and the level of the water in the vessel will rise 
to the same height as it would have done, had we added a quantity of water 
equal in volume to the bulk of the needle. When we walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
composed, but we merely push them aside, or displace them. If we plunge 
an inverted tumbler into a vessel of water, the air contained in it will pre- 
vent the water from rising in the glass — and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be fiUed with water until 
the air is removed from it. 

11. By Divisibility we mean that property 
^^bmty?^' which matter possesses of being divided, or 

separated into parts. 

It has until quite recently been taught that matter was infinitely divisible; 
that is, a body could be separated into smaller and still smaller particles 
without limit So far as our senses inform us, this is true. So long as we 
can perceive the existence of a portion of matter by our sense of sight, of 
feeling, of taste, or of smell, so long we can continue to divide it Beyond 
this our senses give us no information. But the recent discoveries and inves- 
'tigations in chemistry, have proved beyond a doubt, 'that all bodies are ulti- 
mately composed of exceedingly minute particles, which can not be subdi- 
. vided. 

12. To such an ultimate portion of matter 
^^tom? "^ ^ ^® °^ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be divided and yet perceived 
which*^tter ^^ *^® senses is most wonderftd. 

can be diyid- A grsuin of musk has been kept finely exposed to the air of 
^ a room, of which the door and windows were constantly kept 

open, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the end of that time the particle was found not to have greatly 
duninished in weight During all this period, every particle of the atmos- 
phere which produced the sense of odor must have contained a certain quan- 
tity of musk. 

In the manufacture of silver-gilt wire, used for embroidery, the amount of 
gold employed to cover a foot of wire does not exceed the '720,000th part of 
an ounce. The manufacturers know this to be a fad;, and regulate the price 
of their wire accordingly. But if the gold which covers one foot is the 
120,000th part of an ounce, the gold on an inch of the same wire will be only 
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the 8,640,000th part of an ounce. We may divide this inch into one hundred 
pieces, and yet see each piece distinctly without the aid of a microscope : in 
other words, we see the 8 64, 000, 000th part of an ounce. If we now use a 
microscope, magnifying five hundred times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, each of which parts will be found 
to have all the characters and qualities wMch are found in the largest masses 
of gold. 

Some years since, a distinguished English chemist made a series of experi- 
ments to determine how small a quantity of matter could be rendered visible 
to the eye, and by selecting a peculiar chemical compound, small portions of 
which were easily discernible, he came to the conclusion that he could difih , 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision of mat- 
ter, let us consider what a billion is. We may say a bilUon is a million of 
millions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of conceiving any such number. If a person were to count at the rate of 200 
in a minute, and work without intermission twelve hours in a day, he would 
take, to count a billion, 6,944,944 days, or more than 19,000 years. But tliis 
may be nothing to the division of matter. Thero are Uving creatures so mi- 
nute, that a hundred miUions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are lost to the sense of sight, 
aided by the most powerful instruments, are seen to possess arrangements 
fitted for collecting their food, and even capturing their prey. They are there- 
fore supplied with organs, and these organs must consist of parts correspond- 
ing to those in larger animals, which in turn must consist of atoms, or little 
particles, if we please so to term them; In reckoning the size of such atoms, 
we must not speak of bilUons, but of billions of billions. Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
form no rational conception of it* 

13. We use the term Molecules, or Par- 
S!*OTFlrtiI TiCLES of matter to designate very small quan- 
cies of Matter? ^j^j^g ^f g, gubstaDce, not meaning, however, tho 
ultimate atoms. A molecule, or particle pf matter may 
be supposed to be formed of several atoms united to- 
gether. 

14. No two atoms of matter are supposed to 
whatarePoresf ^^^^j^^ ^^ j^g j^ actual coutact with cach other, 

and the openings or spaces which exist between them are 
called Pores. This property of bodies, according to which 
their atoms are thus separated by vacant places^ 
^l^.r'"'- we call Porosity. 

• Tha 1>illioii is here used aoeording to the EngliBh aotetioii.— Hm Webtttr, 
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What is the 
evidence of 
the ezistenee 
of Pores in 
aUfflfttter? 



Fia. 1. If we suppose the atoms of matter to consist of 

minute spheres or globes, it is obvious that it will be 
impossible for them to come into perfect contact at 
all points: so that there must be small spaces be- 
tween them, where they do not touch each other. 
Fig. 1 represents the manner in which we may im- 
agine a collection of such atoms to be arranged to 
form a crystal. 

15. The reasons for believing that the 
atoms or particles of matter do not ac- 
tually touch each other, are, that every 
form of matter, so far as we are ac- 
quainted with it, can by pressure be 
made to occupy a smaller space than it origin- 
ally filled. Therefore, as no two particles of 
matter can occupy the same space at the same 
time, the space, by which the size or volume of 
a body may be diminished by pressure, must, before such 
diminution took place, have been filled with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other, no such movements could 
take place. 

The porosity of bodies is sometimes Illustrated and explained 
What is gen- by reference to a sponge, which allows the cavities which per- 
^ t^e™Sm V2id6 it to ^® ^^^^ with water, or some other fluid. Such an 
Porear illustration is not strictly correct The cavities of a sponge are 

not really its pores, any more than the cells of a honey-comb 
are the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist naturally in the substance of a 
body, which are sufficiently large to admit of the passage of fluids like water, 
and gases like air. 

Several very important properties of matter are dependent on porosity; or, 
In other words, they owe their existence to the fact, that the particles of mat- 
ter do not actually touch each other. The principal of these are Density, 
CoMPBBSSiBiLiTT, and ExPANSiBiLiTT. Thesc properties of matter belong to 
all bodies, but not to all alike. 

16. By Density we mean the proportion 
which exists between the quantity of matter 
contained in a body and its magnitude, or size. 
Thus, if of two substances, one contains twice as much 



What is Dens- 
ity f 
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matter in a given space as the other, it is said to be twice 
as dense. 

There is a direct connection between the density of a body and its porosity. 
A body will be more or less dense, according as its particles are arranged 
closely together, or are se^Jarated from each other ; and hence it is dear, that 
the greater the density the less the porosity, and the greater the porosity the 
less the density. 

17. If the particles of a body do not touch each other, then, if it is subjected 
to pressure, they may be forced nearer, and made to occupy less space. 

This we find to be the fact AU matter may be compressed. The most 
solid stone, when loaded with a considerable weight, is found to be com- 
pressed. The foundations of buildings, and the columns which sustain great 
weights in architecture, are ptoofe of this. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gases, are susceptible of 
great compression. Water, and aU liquids, are much less easily compressed 
than either solid or gaseous bodiea 

.18. By Compressibility, therefore, we mean 

^r^biut!^' that property of matter in virtue of which a 

body allows its volume or size to be diminished, 

without diminishing the number of the atoms or particles 

of which it is composed. 

19. Again, if the particles of matter of which 
JISribmtyT ^ ^^^y ^^ composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. Expansibility 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

All bodies, when submitted to the action. of heat, expand, and 
UluBtrationB occupy a larger space than before. To this increase in dimen- 
biuty?^*" " sions there is no limit. Water, when sufficiently heated, passes 
into steam, and the hotter the steam the greater the space it 
will occupy. All bodies, if subjected to a sufficient degree of heat, will paar 
from the state of solids or liquids, into the state of vapor, or gases. 

20. Inertia signifies the total absence in a 
^rti^f^"' body of all power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest. The motion, or cessation of 



MATTEB, AND ITS GENEBAL PBOPERTIES. 17 

motion in a body, requires a power to exiet independent 
of itself. 

It is obvious, from the definition given, that when a body is once put in 
motion, its inertia wUl cause it to continue' to move imtil its movement is de- 
stroyed, or stopped, by some other force. 

A ball fired from a cannon would move on forever, were it not for the re- 
sistance or friction of the air, and the attraction of the earth. 

21. By Friction, we mean the resistance 
^'^onf'**^ which a moving body meets with from the 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance, on account 
of the roughness and unevenness of the surface. Its motion would be con- 
tinued much longer on a flat pavement and longer still on fine, smooth ice. 
If friction, the attraction of the earth, and the resistance of the air, were en- 
tirely removed, the marble would move on forever. 

Owing to the property of inertia, or the indifference of mat- 
What are Ex- ter to change its state, we find it difficult, in running, to stop 
JJaJ^y** ** ' all at once. The body tends to go on, even after we have ex- 
erted the force of our muscles to stop. We take advantage of 
this property, by running a short distance when we wish to leap over a ditch 
or chasm, in order that the tendency to move on, which we acquire by run- 
ning, may help us in the jump. For the same reason, a running-leap is al- 
ways longer than a standing one. 

Many of the most frightful railroad accidents which have happened, are due 
to the laws of inertia The locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machinery ; but the train of cars, 
in virtue of the velocity previously acquired, continue to move, and ui conse- 
quence are driven into, or piled upon each other. 

For the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage of to regulate the motions of machinery. A large, heavy wheel is used 
in connection with the machinery, called a fly-wheel. This heavy wheel, 
when once set in motion, revolves with great force, and its inertia causes it 
to move afi;er the force which has been imparted to it has ceased to act. A 
water-wheel or a steam-engine rarely moves perfectly uniformly, but as it is 
not easy, on the instant, either to check or increase the movement of the 
heavy wheel, its motion is steady, and causes the machinery to which it is 
attached to work smoothly and without jerking, even if the action of the driv- 
ing force be less at one moment than at another. 

22. Attraction is that tendency which all 
^'taS^tton^*" the particles of matter in the universe have to 

approach to each other.* 

* Am Attraction, in its various forms and relations to matter, is so comprehensiye and 
Important, it is treated separately in advance. 
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The force which holds the particles of a stone, a piece of 
What are Ex- wood, OF metal together, the falling of a body to the earth, the 
tSctfon^ tendency which a piece of iron or steel has to adhere to a mag- 

net, are all familiar examples of the different forms of attraction. 

23. All the researches and investigations of 
dMta^SctibieV n^odern science teach us, that it is impossi- 
ble for any finite agent to either create or de- 
stroy a single particle of matter. The power to create 
and destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

When a body is consumed by fire, there is no destruction of matter : it 
has only changed its form and position. When an animal or vegetable dies 
and decays, the original form vanishes, but the particles of matter, of which it 
was once composed, have merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUESTIONS ON THE PROPERTIES OF MATTER. 

1. Why will water, or any other liquid, when ponred into a tunnel closely inserted into 
the mouth of a bottle, run oyer the sides of the bottle f 

- Because the bottle is filled with air, which, having no means of escape, 
prevents the water from entering, since no two bodies can occupy the same 
space at the same time. I^ however, the tunnel be lifted from the bottle a 
little, so as to afford the air an opportunity to escape, the water will then 
flow into the bottle in an uninterrupted stream. 

2. Are the pores of a i>ody entirely empty, vacant spaces? 

The pores of a body are often filled with another substance of a different 
nature. Thus, if the pores of a body be greater than the atoms of air, such a 
body being surrounded by the atmosphere, the air will enter and fill its pores. 

3. When a sponge is placed in water, that liquid appears to penetrate it Does the water 
really enter the solid particles of the sponge? 

It does not; it only enters the pores, or vacant spaces between the par- 
ticles. 

4. When we plni^ the hand into a mass of sand, do we ncNirrBATB the sand? 
We do not ; we only displace the particles. 

5. Why do hubbies sisb to the surface when apiece of sugar, wood, or chalk is plunged 
under water ? 

Because the air previously existing in the pores becomes displaced by the 
water, and rises to the surface as bubbles. 

6. What occasions the BKAPpme of wood or coal when laid upon tiie fire ? 
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IBecanse the air or liquid contained in the pores becomes expanded by heat^ 
and bursts the covering in which it is confined. 

7. Why does light, poboub wood, like chestnut or pinetlaiake more snapping in bom- 
ing than any otheb kind f 

Because the pores are very largt^ and contain Tnore air than wood of a doaer 
grainy like oak, etc 

8. How is water, or any other liquid, made Fnaa hy filtering through paper, doth, a 
layer of sand, rock, etc. ? 

The process of filtration depends on the presence of pores in the substance 
used as a filter, of such magnitude as to allow the particles of liquid to pass 
fi'eely, but not the particles of the matter contained in it, which we wish' to 
separate. 

9. Why is not the substance suitable for the filtration of one liquid equally adapted for 
the filtration of all liquids ? 

Because the magnitude of the pores in different substances and of the im- 
purities in liquids is different ; and no substance can be separated fix>m a 
liquid by filtration, except one whose particles are larger than those of the 
liquid. 

10. Gold and lead are metals of great density ; their pores are not yisible.' Is there any 
FBOOF of their existence beside the fact that they can be compressed f 

Water can be forced mechanically through a plate of lead or gold without 
rupturing any portion of the metal. Mercury, or quicksilver, confined in a 
dish of lead or gold, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago, which furnished a striking illustration of the porosity of so dense a 
substance as gold. A hollow ball of this metal was filled with water, and the 
aperture exactly and firmly closed. The globe was then submitted to a very 
severe pressure, by which its figure was slightly changed. Now, it is proved 
in geometry, that a globe has this peculiar property — ^that any change what- 
ever in its figure necessarily diminishes its volume, or capacity. The result 
was, that the water oozed through the pores, and covered the surface of the 
globe, presenting the appearance of dew, or steam cooled by the metal. This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

11. When a oasbiaob is in motion, drawn by noBSiB, why is the same exertion of power 
in the horses required to stop it, as would be necessary to back it, if it were at rest ? 

Because, according to the laws of inertia, tho force required to destroy mo- 
tion in one du^ction is e^^ual to that required to produce as mtich motion in (he 
cpposile direction. 

12. If a carriage, railroad-car, or boat, moving with speed, be suddenly btoffed or va- 
TABDSD, from any cause, why are the passengers, or the baggage carried, precipitated 
tram their places in the disection or the kotion f 

Because, by reason of their inerUa^ they persevere in the motion which they 
shared in common with the body that transported them,' and are not deprived 
of that motion by the same cause. 
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13. Why will a fkbaok, leaping from a carriage in rapid motion, fall in the direction in 
whidi the carriage is moring at the moment his feet meet the ground f 

Because his entire bodi/f on quitting the vehicle and descending to the 
ground, retainSj by its itieriia, the progressive motion which it has in common 
with it When his feet reach the ground, they, and they alone, will be sud- 
denly deprived of this progressive motion, by the resistance of the earth, but 
the remainder of his body will retain it, and he will fall as if he were tripped. 

14. Why is a man standing carelessly in the btebn of a boat liable to fiall into the water 
behind, when the boat Degins to move f 

Because his/ee^ are pulled forward while the inertia of his body keeps it 'Jt 
the same position, and, therefore, behind its support For a similar reason, 
when the boat stops, the man is liable to fall forward. 

15. When the sails of a ship are first spread to receive the fosos or impulse of the wind, 
why does not the vessel acquire her full speed at once f 

Because it requires a little time for the impeUing force to overcome the in- 
ertia of the Tnass of the ship, or its disposition to remain at rest 

16. Why, when the sails are taken in, does the vessel continue to move for a considerable 
timer 

Because the inertia of the mass is opposed to a change of state, and the ves- 
sel will continue to move until the resistance of the water overcomes the op- 
position. 

17. Why do we kick against the door-post to bhakx the snow or dust from our bhoeb ? 
The forward motion of the foot is arrested by the impact against the post ; 

but this is not the case with respect to the particles of dust or snow which 
are not attached to the foot, and are free to move. According to the laws 
of inertia, they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly off. 

18. Why do we bxat a coat or carpet to expel the dust? 

The cause which arrests the motion imparted to the coat or carpet by the 
blow does not arrest the particles of dust and their motion being continued, 
they fly offi 



CHAPTER II. 

FORCE. 

23. Matter is constantly changing its form 
■ta^^^^ and place. The most solid substance will in 
*°*^' time wear away. The air about us is never per- 

fectly stilL We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. The 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and its form vanishes 
from our sight. 

To what esQM ^ '^ *^® causc of all thc chaugcs observed 
doweattribute to take placc in the material world, we admit 

toe cnangieB ob- ■*- '' 

■erved in mat- the cxisteuce of Certain forces, or agents, which 
govern and control all matter. 
Is 25. Force is whatever produces, or opposes 



**"* motion in matter. 

What is Ho. 26. Mobility, or the susceptibility of mo- 
^*^' tion, is that property whereby a body admits 
of change of place. 

What are the ^7. All the great forces, or agents in nature, 
StaifT^*" those which produce, or are the cause of all the 
changes which take place in matter, may be 
enumerated as follows : Internal, or Molecular Forces, 
the Attraction of Gravitation, Heat, Light, the At- 
tractive and Eepulsive Forces of Magnetism and Elec- 
tricity, and, finally, a force or power which only exists 
in living animals and plants, which is called, Vital Force, 

Concerning the real nature of these forces, we are entirely 
Sn** *f* ^ • ignorant We suppose, or say, they exist, because we see 
nature of their effects upon matter. In the present state of science, it is 

these forces t impossible to know whether they are merely properties of 
matter, or whether they are forms of matter itself) existing in an 
exceedingly minute, subtile condition, without weight, and dififused through- 
out the wlude uniyerse. The general opinion, however, among sdentifio men. 
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at the present daj, is, that these foroesi or agents^ are not matter, but prop- 
erties, or qualities, of matter. 

We see a stone fall to the gromid, and say that the cause of it is the at- 
traction of gravitation ; — we observe an object at a distance, and say that we 
see it through the action of light on the eye ; — we notice a tree shattered by 
lightning, and say it is the effect of electricity ; — ^we observe an anunal or 
plant to grow and flourish, and ascribe this to the action of the vital force. 
But if it is asked, What is the original cause of gravitation, light, electricit}); 
and vital force? — ^the wisest man can give no satisfactory answer. If tha 
Creator governs matter through the agency of instruments, these forces ma/ 
be caJled his agents, or his instruments. * 



CHAPTER III. 

INTERNAL. OR MOLECULAR FORCES. 
What Is an 28. An INTERNAL, 01 MOLECULAR FoRCE, is 

iSidir^' one that acts upon the particles of matter oidy 
Force? at inscnsible distances. This variety of force 

differs from all others in this respect. 
What is At- 29. The various changes which matter un- 
Bej^onT* dergo^s, render it certain that the atoms, or 
particles of all bodies are acted upon by two 
distinct and opposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Ebpulsion, 
both acting at insensible distances. 

Q. A blade of steel, or a thin piece of wood, when bent within 

amide of At- a certain limit, will, when the restraint is removed, restore it*' 

actii^^at an self to its original form. This takes place through the agency 

insensible dia- of an internal force, attracting the particles together, and tend- 

°^ ing to keep them in tkeir original place. 

whatisEiaB. 30. ELASTICITY is that property of matter 
^^^^ which disposes it to resume its original form 

and shape, after having been bent or compressed by some 

external force. 
Elasticity, therefore, is not so much a distinct property of matter, as la 

Qsually stated, as it is a phenomenon of attractiye and repulsive forces. 
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Do an bodies "^ bodies poflsegs the property of elasticity, bat in very 
posseaa eia>- different degrees. There are some in which the atoms, after 
^ bending, or displacement, almost perfectlj resume their former 

position. Such bodies are especially termed elastic, as tempered steel, India- 
rubber, ivory, etc. Other bodies, like iron, lead, etc., are elastic in a limited 
degree, not being able to bear any great displacement of their atoms without 
breaking, or permanent disarrangement. Putty, moist day, and similar bodies, 
possess a very slight degree of elasticity. 

31. If we compress a certain quantity of gas, as common 
wnSe"of re- **'"' ^^^ *^®^ ^^^ ^* *^ dilate, by removing all restraint, it 
poision acting will expand without limit, and fill every really empty space 
ble*£^Sef " which is open to it This takes place through the agency of 
an internal force which tends to drive the particles from one 
another. There are many reasons which lead us to suppose that the repuls- 
ive force which tends to keep the particles of matter asunder is the agent 
known as heat. Gases may be considered as perfectly elastia 

, ^ . V 32. According as the attractive or repulsive 

In vhat three . .-11111. .11 /» 

forms or con- forces prevau, all bodies will assume one of 
au matter ox- three forms or cojiditions — the solid, the 
LIQUID, or the aeriform,* or gaseous con- 
dition. 
What is a 33. A SOLID body is one in which the par- 

****** ' tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or figure, under 
all ordinary circumstances. 
What is a 34. A LIQUID body is one in which the par- 

"^°"' tides of matter are so feebly attracted together, 
that they move upon each another with the greatest 
facility. 

B^ence a liquid can never be made to assume any particular form, except 
that of the yessel in which it is inclosed. 

.^^j^^ 35. An AERIFORM, or gaseous body is one 

gjjeou* in which the particles of matter are not held 

together by any foi:ce of attraction, but have a 
tendency to separate and move off from one another. 

A gaseous body is generally invisible, and, like the air sur- 

propertrMofa roimding us, aflfords to the sense of touch no evidence of its 

™«^^ existence when in a state of complete repose. Gkiseous bodies 

^ may be confined in vessels, from whence they exclude liquid/^ 

* Aeriform, having the fonn, or resemblanee, of air. 
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or other bodies, thus demonstrating their existence, though invisible, and also 
their impenetrability. 

36. Most substances can be made to assume 
drcamstances succcssively the form of a solid, a liquid, or a 
same the ^?^ gas. lu solids, the attractive force is the 
LiqSid,**or' I strongest ; the particles keep their places, and 

" the solid retains its form. But if we heat the 

Bolid to a sufficient degree, as, for example, a piece of iron, 
we gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and we 
say the body melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy the 
attractive force altogether, and the liquid changes to a 
gas, in which the repulsive force prevails, and the particles 
tend to fly oflF from each other. By the withdrawal of 
heat {i. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive force 
to again predominate. 

Thus steam, when cooled, becomes a 
^Q' 2 . liquid, water; and this in turn, by the 

withdrawal of an additional amount of 
heat, becomes a solid, ice. 

The power of the repulsive force is strik- 
ingly illustrated by the conversion of water 
into steam. In a cubic inch of water con- 
I verted into steam, the particles will repel 
' each other to such an extent, that the space 
occupied by the steam will be 1700 tunea 
greater than that occupied by the water. 
Fig. 2 illustrates the comparative difference 
between the bulk of steam and the bulk of 
water. 

37. The term Fluid is applied to those 
bodies whose particles move easily among 

themselves. It is used to designate either liquids or 




What are the ^- ^^ distinguish FOUR kinds of molecular 
ySiJ^ll attraction, or attraction acting upon the par- 
tractionf |;i^jjgg ^f ^odics at iuseusible distances. These 
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are, Cohesion, Adhesion, Capillary Attraction, and 

Affinity. 

^ . , ^ 39. Cohesion, or Cohesive Attraction, is 

What is Co- ' ' 

hedveAttrac- that foTce which binds together atoms of the 
same kind to form one uniform mass. 

The fprce which holds together the atoms of a mass of iron, wood, or sto&e^ 
is oohesion, and the atoms are said to cohere to each other. 

What is Ad- 40. Adhesion is that form of attraction 
^edonf which cxists bctwecn unlike atoms, or particles 
of matter, when in contact with each other. 

Diist floating in the air sticks to the wall or ceiling, through the force of 
adhesion. When we write on a wall with a piece of chalk, or charcoal, the 
particles, worn ofif from the material, stick to the wall and leave a mark, 
through th€ force of adhesion. Two pieces of wood may be fastened together 
by means cif glue, in consequence of the adhesive attraction between the par- 
ticles of th9 wood and the particles of glue. 

„ . ^ 41. Capillary Attraction is that form of 

What is Ca- , . , , . _ ,. . , , 

piiiaryAttrac- attraction which exists between a liquid and 
the interior of a solid, which is tuhular, or 
porous. 

When one end of a sponge, or a lump of sugar is brought into contact with 
water, the li(]uid, by capillary attraction, will rise, or soak up above its level, 
into the inteiior of the sponge, or sugar, until all its pores are filled.* 

What is Af- 42. Affinity is that form of attraction which 
^**^' unites atoms of unlike substances into com- 
pounds possessing new and distinct properties. 

Oxygen, for example, unites with iron, and forms iron-rust, a substance 
different from either oxygen or iron. The consideration of the attraction of 
Affinity belongs wholly to Chemistry. 

How does the 43. The force, or strength of Cohesive At- 
S^Att^'*' traction varies greatly in different substances, 
tionvary? accordiug BS the nature, form, and arrange- 
ment of the atoms of which they are composed vary. 

44. These modifications of the force of At- 
Hea of bodies traction, actiug at insensible distances between 
▼ariatioTi of thc atoms of different substances, give rise to 

Attraction f . . • i t i • i 

certam important properties m bodies, which 
are designated under the names of Malleability, Duc- 

* Capillary AttractJon ii treated of more faUy under the department of Hydrostatiea 
and H^drauUca. 

2 
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TiLiTT, Pliability, Flexibility, Tenacity, Habdness, 
and Bbittleness. 

These are not, as is often taught, distinct, independent properties of matter, 
like magnitude, porosity, inertia, etc., hut modifications of the force of attraction. 

What is Mai- 45. MALLEABILITY is that property in virtue 
leabUity? ^£ which a substance can be reduced to the 
form of thin leaves, or plates, by hammering, or by means 
of the intense pressure of rollers. 

In malieahle hodies, the atoms seem to cohere equally in whatever relative 
situations they happen to be, and therefore readily yield to force, and change 
their positions without fracture, almost like the atoms of a fluid. 

The property of malleability is possessed in the most eminent 

What are ex- degree by the metals ; gold, silver, iron, and copper being .the 

MaUeabiiity? most malleable. Gold may be hammered to such a degree of 

thinness, as to require 360,000 leaves to equal an inch in 

thickness. 

What ia Due- 46. DucTiLiTY is that property in virtue 
^^^ of which a substance admits of being drawn 
into wire. 

We might suppose that ductility and malleability would belong to the same 
substances, and to the same degree, but they do not Tin and lead are 
highly malleable, and are capable of being reduced to extremely thin leaves,' 
but they are not ductile, since they can not be drawn into fine wire. Some 
substances are both ductile and malleable in the highest degree. Gold has 
been drawn into wire so fine, that an ounce of it would extend fifty milea 

What are ^'^- FLEXIBILITY and PLIABILITY are those 

fndPu^S- properties which permit considerable motion 
**y' of the particles of a body on each other, with- 

out breaking. 

What is Te- 48. TENACITY is that property in virtue of 
°*°^*^' which a body resists separation of its parts, by 
.extension in the direction of its length. 
What is 49. Hardness is a property in virtue of 

Hardness? ^hich the particlcs of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or arrangement. 

When is a 60. A body, whosc particles can be removed, 

body Soft? g^^j changed in position, by a slight degree of 
force, is said to be soft. Softness is, therefore, the oppo- 
site of hardness. 
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The property of Hardness is quite distinct from Density. Grold and lead 
possess great density, yet they are among the softest of metaJs. . 

What is Brit- 51. Brittleness is a property in virtue of 
ueneaaf which bodies are easily broken into fragments. 
It is a characteristic of most hard substances. 

In a brittle body, the attractive force between the atoms exists within such 
narrow limits, that a very slight change of position, or increase of distance 
among them, is sufficient to overcome it, and the body breaks. 

52. The modifications of the force of cohesive attraction between the par- 
ticles of matter, which give rise to the properties of malleability, ductility, 
flexibility, pliability, hardness, and brittleness, seem to be intimately con- 
nected with, or depend upon the particular form of the atoms of the sub- 
stance, and the particular manner in which they are arranged. 

Every one knows that it is easier to split wood lengthwise than across the 
fibers ; hence, the force which binds the particles of the wood together is ex- 
erted in a less degree in one direction than in the other. 
Explain how ^^ changing the form or arrangement of the atoms of a 
the force of substance, we can in many instances apparently renew or de- 
pends on the stroy the various modifications of the attractive force. The 
arrangement following is a familiar illustration of this principle : 

Steel, when heated and suddenly cooled, is rendered not 
only very ha:d, but very brittle ; but if heated and cooled gradually, it be- 
comes soft and flexible. We may suppose that when the atoms of steel are 
expanded— ^forced apart from each other by the action of heat, and then sud- 
denly caused to contract — forced in upon each other — ^by cooling, that no op- 
portunity is afibrded them for arrangement in a natural manner. But when 
the steel is cooled slowly, each atom has an opportunity to take the place best 
adapted for it, without interfering with its neighbor. According to one ar- 
rangement of the atoms, the steel is brittle, or the atoms will not admit of 
any motion among themselves without breaking; but according to a different 
arrangement, the attractive force is modified, and the steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may be made to fall 
easily, but if piled in a regular manner, they retain their stability. 

It is a very singular circumstance, that the same operation of heating and cool- 
ing suddenly, which hardens steel, should soften copper. A piece of steel which 
has been hardened in this way is not condensed — made smaller — as we might 
have supposed it would be, but is actually expanded, or made larger. This proves 
that the arrangement of the atoms, or particles, has been changed. Any one 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
guage, or between two fixed points, and then hardening it It will then bo 
found that the steel will not go into the guage, or between the fixed points. 
What is An- 53. The process of rendering metals, glass, 

neaiing? ^^^^^ ^^^^ ^^^ flexible by heating and gradually 
cooling, is called Annealing, and is of great importance 
in the arts. 
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For example, the workman, in feshioning and shaping a steel instrument, 
requires it tQ be soft and flexible ; but in using it after it has been constructed, 
as for the cutting of stone, wood, etc., it is necessary tliat it should be hard. 
This is accomplished by making the steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When wffl a 54. When we bend or compress a body so 
TOmpr«SSd,*^' that its particles are separated beyond a certaia 
^"^' limited distance, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed, . 
and the body faUs apart, or breaks. 

55. When the Attraction of Cohesion between 

Can we r«- . i /. i 

tSaionSf ^ the particles of a substance is once destroyed, 
hesion when it is generally impossible to restore it. Hav- 
mg once reduced a mass of wood or stone to 
powder, we can not -make the minute particles cohere 
again by pushing them into their former position. 

In some instances, however, this can be accomplished by resorting to va- 
rious expedients. The particles of the metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marble, laid upon 
each other, unite together with such force, that it is impossible to separate 
them without breakage. In the manufacture of looking-glass plates, this at- 
traction between two smooth surfaces is particularly guarded against 

* There are many practical Ulnstrations in the arts, of the principle, that the modifica- 
tions of the attractive force which unites the atoms of solid bodies together, are dependent 
in a great degree upon the forms, or arrangement of the atoms themselres. If we submit 
apiece of metal to repeated hammering, or Jarring, the atoms, or particles of which it is 
composed, seem to take on a new arrangement, and the raetil gradually loses all its te- 
nacity, llesibillty, malleability, and ductility, and becomes brittle. The coppersmith who 
forms vessels of brass and copper by the hammer alone, can work on them only for a short 
time before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long In use, although apparently sound, is always 
condemned and broken up. 

A more important illustration, and one that more closely afBwts our interests, is the 
liability of railroad car-axles and wheels to break from the same cause. A car-axle, after 
a long lapse of time and use, is almost certain to break. 

That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was conclusively proved by an experiment made 
a few years since in France :— An accident having occurred updn a railroad, by the break- 
ing of an axle, by which many lives were lost, the attention of scientific men was called 
to the fact, that the Iron composing the axle, when first used, was Btrong, and capable of 
standing a test, but after use in locomotion for a certain period, could be broken by a 
force far inferior to that by which it had formerly been tested. Many suppositions were 
made to account for this phenomenon, when finally a person took a series of rods about the 
size of pipe-stems, all strong and tough, and, with great patience, allowed them to fall 
for hours and hours upon an anvil, thus producing rapid strokes and vibrations. After 
rottjectlng them for a long time to this treatment, he found that the rods could bo snap- 
ped an- 1 broken into fragments almost as easily as rotten wood. 
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What is 56. Iron may be made to cohere to iron by 

Welding? heating the metal to a high degree, and ham- 
mering the two pieces together. The particles are thus 
driven into such intimate contact, that they cohere and 
form one uniform mass. This property is called Weld- 
ing, and only belongs to two metals, iron and platinum, 

PRACTICAL QUESTIONS ON THE INTERNAL, OB MOLECULAB 

FOBOES. 

1. In what re«peet does a gasDiFFEB firom a liqnid ? 

A liquid, like water, milk, sjnip, etc., can be made to flow regularly down 
a slope, or an inclined plane^ but a gas can not 

2. Why Is a bar of ibok stronger than a bar of wood of the same sise ? 

Because the cohesion existing between the particles of iron is greater than 
that existmg between the particles of wood. 

3. Why are the particles of a liquid more easUy separated than those of a soud? 
Because the cohesive attraction which binds together the particles of a liquid 

is much less strong than that which binds together the particles of a solid. 

4. Why will a small needle, carefully laid upon the snrface of water, float f 
Because its weight is not sufficient to overcome the cohesion of the particles 

of water constituting the sur£iMe ; consequently, it can not pass through them 
and sink. 

5. If yon drop water and landannm from the same vessel, why win biztt drops of the 
water fill the same measure asome ntmoBBD drops of laudanum? 

The cohesion between the particles of the two liquids is different^ being 
greatest in the water. CJonsequently, the number of particles which will ad- 
here together to constitute a drop of water, is greater than in the drop of 
laudanum. 

6. Why is the prescription of medldne by dbops an unsafe method f 

Because, not only do drops of fluid from the same vessel, and often of the 
same fluid from different vessels, differ in size, but also drops of the same fluid, 
to the extent of a third, from different parts of the lip of the same vessel 

7. Why are cements and mortars used to Ikston brieks and stone together? 
Because the adhesive attraction between the particles of brick and stone 

and the particles of mortar, is so strong, that they unite to form one solid 
masa 

8. How may the efficacy of a locomotlye engine be said to depend upon the force of 
adhesion ? 

If there were no adhenon, or even insufficient adhesion, between the tire 
of the driving-wheel of the locomotive, and the rails upon which it presses^ 
the wheel would turn without advancing. 

This actually happens when the rails are greasy, or covered with frost and 
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ice. The contact is thus interrupted, and the adhesion between the rail and 
wheel is impaired. 

9. When a liquid adheres to a solid, what term do we apply to designate the act of 
adhesion f 

Wetting. It is necessary that a liquid should adhere to the surface of a solid 

before it can be wet Water falling upon an oiled surface does not wet it^ 

because there is no adhesion between the particles of the oil and the particles 

of the water. 

f 

10. Why are drops of rain, of tears, and of dew npon the leares of plants, generaUjr 
fpherical, or globular? 

The force of cohesion always tends to cause the particles of a liquid, when 
unsupported, or supported on a sur&ce having little attraction for it, to as- 
sume the form of a sphere — a .globe, or sphere, being the figure which will 
contain the greatest amount of matter within a given surface. 

This property of fluids is taken advantage of in the arts, in the manu&cture 
of shot The melted lead is made to fall in a shower, from a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their Mi become hardened by cooling, and retain their form. 



CHAPTER IV. 

ATTRACTION OF GRAVITATION. 

57. The Attraction of Gravitation is 
b^on' ^ that form of attraction, by which all bodies at 
Gravitation f gensible distanccs, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 
Gravitatto? tances also, but their influence upon difierent classes of bodies 
^jjjer from varies, and is limited by distance. Molecular, or Internal At- 
of attractionf traction, acts only at insensible distances. The Attraction of 

Gravitation acts at all distances, and upon all bodies. 
,^ . ^ 58. Every portion of matter in the universe 

What is the ^ -^ , . . , /. 

great law of attracts cvcry other portion, with a force pro* 

the attraction • i i • i • . t 

of Gravita- portioned dircctly to its mass, or quantity, and. 
inversely as the square of the distance. Thifl 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being directly proportional to the mass of 
a body, we mean, that if of two bodies, the mass of one- be twice as large as 
that of the other, its force of attraction will be twice as great: if it is only 
half as large, its attraction will be only half as great. 

By the Attraction of Gravitation being inversely proportioned to the square 
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of the distance, we mean, that if one body, or substance* attracts another body 
with a certain force at the distance of a mUe, it will attract with four times 
that force at half a mile, nine times the force at one third of a mUe, and so 
on, in like proportion. On the contrary, it will attract with but one fourth of 
the force at two miles, one ninth of the force at three miles, one sixteenth of 
tbe force at four miles, and so on, as the distance increases. 

Pjq 3 This law may be further 

illustrated by reference to 
Fig. 3. Let C be the center 
of attraction, and let the four 

.. dotted lines diverging from 

:v.v---^^**** represent lines of attraction. 
At a certain distance from 
they will comprehend the 
small square A ; at twice that 
distance they will include the large square B, four times the size of A ; and 
since there is only a certain definite amount of attraction included within 
these lines, it is dear that as B is four times as great as A, the attraction ex- 
erted upon a portion of B equal to A, will be only one fourth that which it 
would experience when in the position marked 1, just half as far from C. 

As gravitative attraction is the common property of all 
Sbodfi up^ bodies, it may be asked, why all bodies not fastened to the 
on the eartVs earth's surface do not come in contact ? They would do so, 
£ rontoct?™* ^®^ ^* ^^* ^^^ *^® overpowering influence of the earth's at- 
traction, which in a great measure neutralizes, or overcomes, 
the mutual attraction of smaller bodies on its surface. 
Does a feather ^® throw up a feather into the air, and it falls through the 
attract the influence of the eartli's attraction ; but as all bodies attract 

each other, the feather must also attract, or draw up, the 
earth, in some degree, toward itself This it really does, with a force pro- 
portioned to its mass ; but as the mass of the earth is infinitely greater than 
the mass of the feather, the irfiuence of the feather is infinitely small, and we 
are imable to perceive it 

,^^^ In some instances, whore bodies are free to move, the mu- 

luBtratioDs of tual attraction of all matter exhibits itself. If we place upon 
^^^^ • ^^ water, in a smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the con- 
ditions affecting the experiment being alike for each. Two leaden balls sus- 
pended by a string near each other, are found, by delicate tests, to attract 
each other, and therefore not to hang quite perpendicular. A leaden weight 
suspended near the side of a mountain, inclines toward it to an extent pro- 
portionate to the magnitude of the mountain. 

What is the ^® earih attracts the moon, and this in turn attracts the 

cause of earth. The solid particles of matter upon the earth's surfece, 

not being free to move, do not sensibly show the influence of 

the moon's attraction; but the partidee of water composing the ocean, being 
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free to move, furnish as evidence of this attraction, in the phenomena of the 
tides. When, by the revolution of the earth, a certain portion of its surfiice 
is brought within the direct influence of the moon's attraction, the surface of 
the ocean is attracted, or drawn up, to form a wave. This wave, or elevaiion 
of the surface of the water, occurring uniformly, is called a tide ; when the 
moon is the nearest to the earth, its attraction is the greatest, and at these 
periods we have high tides, or " high water." 

What iB Ter ^^* ^^^ bodics upoii the earth are attracted 
regtriaiGray. toward its Center. This we call Terrestrial 
' Gravitation. 

What ifl the The attraction of the earth is pot the same 
eanh^sltti^ at all distances from the center^ being greatest 
""^"^ at the surface, and decreasing upward as the 

square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 

SECTION I. 

WEIGHT. 

t» . v.;i 60. When a body falls to the earth, it de- 

at rest upon Bccnds bccause it is attracted toward the center 

the BurfaoQof 

the earth at- of the carth. When it reaches the surface of 

tracted f 

the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a force proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

What is 61. Weight is, therefore, the measure of 

Weight? £^^^^ ^^j^ which a body is attracted by the 

earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

Weight being, then, the measure of the earth's attraction, it 
Weight TMT? ^ol*ows that as the attraction of the earth varies, w?ight must 
also vary, or a body will not have the same weight at all 
places. 

The weight of a body will be greatest at the sui&oe of the 
body" weih ®"^^ *^^ greateist at those points upon the surfiM» which are 
the most, and nearest the center. 

J^J ***® As the earth is not a perfect sphere, but flattened at the 

poles, the poles are nearer the center than the equator. A 
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body, therefore, will be attracted moat strongly, that ia, will weigh the ni08t» 
at the poles, or at that portion of the earth's surface which is nearest the 
center, and weigh the least at the equator, or at that portion of the earth's 
surface which is most remote from the center. 

A ball of iron weighing one thousand pounds in the latitude of the city of 
New Yoric, at the level of the sea, will gain three pounds in weighty if re- 
moved to the north pole, and lose about four pounds if conveyed to the 
equator. • 

B^irdoes 62. If a body be lifted above the surface of 

L wVaJSi the earth, its weight will decrease in accord- 
SS^'i^^MT- aiice with the law, that the attraction of 
*^' gravitation decreases upward from the surface, 

as the square gf the distance from the cdnter of the earth 
increases. 

The weight of a body, therefore, will ba four times greater at the earthls 
surface, than at double the distance of the surface from the center ; or a body 
weighing one pound at the earth's surfiKse, will have only one fourth of that 
weight, if removed as &i from the surface of the earth, as the surface is from 
the center. 

How does ^^- ^^ *^® attraction of gravitation decreases 

weight ranr dowuward from the surface to the center of the 

•awedeaoend t • i i . i • i 

from the SUP- earth, simply as the distance decreases, weight 
will decrease in like manner. 
A body weighing a pound at the surface of the earth, will weigh only half 
a pound at one half the distance from the surface to the center. 

y^y^^ ^^^ 64. At the center of the earth a body will 
JjSghtr^ °o necessarily lose all weight, since, being sur- 
rounded on all sides by an equal quantity of 
matter, it will be attracted equally in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

'yif^^g^^ ^^ As the attractive foroe which the earth exerts upon a body 

u^htbod^ is proportioned to its mass, or to the quantity of matter con- 
tained in it, and as weight is merely the measure of such at- 
tnction, it follows that a body of a large mass will be attracted strongly, and 
possess great weight, while, on the contrary, a body made up of a small 
quantity of matter, will be attracted in a less degree, and possess less weight 
We recc^nize this difference of attraction by calling the one body heavy and 
the other light. 

I? as is represented in Fig. 4, we place a mass of lead, a, at one extremity 
of a well-balanced beam, and a feather, b, at the other, we shall find that the 

2* 
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lead Is drawn to the earth with a force exactly equal to the superiorily of its 

mass over that of the feather. 1^ 
however, we tie on a sufficient 
number of feathers to make up a 
quantity of matter equal to that 
of the lead, the equilibrium is re- 
stored — ^tbe two quantities are 
attncted with equal force, and 
the beam is supported in a hori- 
zontal position. 

65. In all the opera- 
tions of trade and com- 
merce, we sell, or ex- 
change a given quantity 
of one article or substance 
for a certain quantity of 
some other article or substance — so much flour for so much 
sugar, or so much sugar and flour for so much gold. 
Hence the necessity, which has existed from 
the earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, is called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the civil- 
ized and commercial world, but two great Systems of Weights 
and Measures are generally recognized. These are known as 
the English, and the French Systems. 

In the English System, which is the one used in the United 
States, there are two systems of weights — ^Troy and Avoirdu- 
pois Weight Troy Weight is principally used for weighing 
gold and silvei* ; Avoirdupois for weighing merchandize, other 
than the precious metals. It derives its name from the French avoirs (averid^ 
goods or chattels, and poidSj weight The smallest weight made use of in 
the English System is a grain. By a law of England enacted in 1286. t 
was ordered that 32 ^hdns of wheat, well dried, should weigh a pennyweight 
Hence the name gi-ain applied to this measure of weight. It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
the whole as should give one grain. In this way, weights may be obtained 
for chemical purposes, which weigh only the 1,000th part of a grain. 



What is a SyB- 
tem of Weights 
and Meaqures ? 



What are the 
two great Sys- 
tems of 
Weights and 
Measures ? 



What are the 
peculiarities of 
the English 
System? 



WEIGHT. 
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Howdoireob. 66. In CQnstnictmg a System of Weights 
I^of wSb ^^^ Measures, it is necessary, in the first place, 
and Measures? ^ g^ upon somc dimcnsion which shall forever 
serve as a standard from which all other weights and 
measures may be derived, and by which they may be com- 
pared and verified. If an artificial standard were taken, 
it is evident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve as a stand- 
ard, and which the art of man can not. affect. In th^ 
English System of Weights and Measures, such an un* 
varying dimension, or standard, is found in the length of 
a pendulum. 

Describe the 67. A pcndulum is a heavy body, suspended 

Pendninm. frovo. a fixcd poiut by a wire or cord,, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a pendulum in opposite di- 
rections are called its vibrations, or oscillations, and 
the part of a circle over which it moves is called its arc. 



How does the 
Pendolum fur- 
nish A Stand- 
ard of Meas- 
nreB of Length? 



Fig. 5. 
A 



\ 



In Fig. 5, A B represents a pendulum ; D 

C, the arc in which it vibrates. 

Now, it has been found that 
a pendulum, of any weight, 
which in the latitude of Lon- 
don will vibrate, or swing over 
the same arc, or from the 

highest pomt on one side, to the highest point 

on the other side, in one second of time, will 

always, under the same circumstances, have 

tlie same length. The length of this pendulum 

(the part A B, Fig. 5) is divided mto 391,393 

equal parts. Of these parts, 10, 000 are called 

an inch, twelve of which make one foot, 

thirty-six of them one yard. Thus we ob- 
tain standards of linear measure. 

To obtain a Standard of Weight, a cubic inch (accurately o6- 
iained from (he pendulum) of distilled water, of the temperature 
of 62° Fahrenheit's thermometer, is taken and weighed. 

This weight is divided into 252,458 equal parts; and of these, 1,000 will b« 

a gram. The gnun multiplied, gives ounces, pounds, eta 




How do we oh- 
tain a Standard 
of Weight? 
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Explain the 
construction of 
the French 
System of 
Weights and 
Measures. 



HoTf do Ob- "^^ obtain standards of Liquid Measure, ten pounds, or 7,000 
tain standards grains of distilled water, at the same temperature, are made 
MeMures 7 *^ constitute a gallon. The gallon, by division, gives quarts, 

pints, and gills. 

68. The French System of Weights and Measures is 
constructed on a different plan, and originated in the fol- 
lowing manner : 

In 1788, the French GovemmerUf feeling the necessity of 
having some standard by which all weights and measures 
might" be compared and made uniform, ordered a scientific in- 
quiry to be made ; the result of which was the establishment 
of the present system of French Weights and Measures^ which, 
from its perfect accuracy and simplicity is superior to all other systems. It is 
sometimes called the Decimal System, all its divisions being made by ten. 

The French standard is based on an invariable diinension of the globCj viz., a 
fourth pari of the eartKs meridian^ or the fourth part of the largest circle pass- 
ing through the poles of the earth. 

In Fig. 6, the circle N E S W repre- 
sents a meridian of the earth ; and a fourth 
part of this circle, or the distance N E, con- 
stitutes the dimension on which the French 
System is founded. This distance, which 
was accurately measured, is divided into 
ten million equal parts ; and a single ten 
millionth part adopted as a measure of 
length, and called a rnetre. The length of 
the metre is about 39 English inches. By 
multiplying or dividing this quantity by ten, 
the other varieties of weights and meafiures 
are obtained. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System by 
order of the Government, are to be found at Washington^ 
and at the capital of every State. 



Fig. 6. 




PRACTICAL PROBLEMS ON THE ATTRACTION OP GRAVI- 
TATION. 

1. Suppose twq bodies, one weighing 30 and the other 90 pounds, situated ten mile* 
apart, were free to move toward each other, under the influence of mutual attraction : 
what space would each pass orer before they came in contact f 

The mutual attraction of any two bodies for each other is proportional to the quantity 
of matter they contain. 

2. A body upon the surface of the earth weighs one pound, or flixteea ounces: if by 
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any means w« eoold earry it 4,000 wOm aImts the earth'i aarfam, what would be tti 
weight? 

Solution: The foroe of grayity deoreaaes upward, as the square of the diitanoe ftom 
the center increaoee : weight, therefore, wiU decroaae in like proportion. The distance of 
the body upon the snrface of the earth, from the center, is 4,000 milea Its distance ftt>m 
the center, at a pomt 4,000 miles abore the surface, is 8,000. The square of 4,000 is 
10,000,000 ; th« square of 8,000 is 64,000,000. The weight, therefore, will be diminished 
in the proportion that sixty-four bears to sixteen ; that is, it will be diminished |ths, or 
weigh {th of a pound, or 4 ounee& 

3 What win be the weight of the same body remored 8,000 miles from the earth's 
SL-face? 

4. A body on the surface of the earth weighs ten tons: what would be its weight if 
elevated 2,000 miles above the surface 1 

6. How far above the suifaoeof the earth most a pound weight be carried, to make it 
weigh one ounce avoirdupois ? 

6. What would a body weighing 800 pounds upon the earth's snrface, weigh 1,000 
miles below the sur&cef « 

The foroe of gravity decreases as we descend from the surface into the earth, simply 
as the distance downward increases,— weight being the measure of gravity, it therefore 
decreases in the same proportion. The distance fh>m the surface of the earth to the 
center may be assumed to be 4,000 miles : 1,000 miles is one fourth of 4,000. The dis- 
tance being decreased one fourth, the weight is diminished in Uke proportion, and the 
body wiU lose 200 pounds, or its total weight would be 600 pounds. 

7 Suppose a body weighing 800 pounds upon the snrface of the earth were sunk 8,000 
miles below the sorfiice : what would be its loss in weight? 

8 If a mass of iron ore weighs ten tons upon the earth's sur&ee, what would it weigh 
at the bottom of a mine a mile below the surface f 

9. What will be the weight of the same mass at the bottom of a mine one half a mUa 
below the earth's surface? 



SECTION II. 
SPECIFIC ORAYITT, OR WBIGHT. 

. hat tw ^^* ^ ^^^ ^^ ^° Bwks in water, and floats upon quick- 

senses may the sUver. In the first insta^, we say the iron sinks because it 
Swed^****^* is heavier than water; and in the second, it floats, because it 
is lifter than quicksilrer. Iron, therefore, is a heavy body 
compared with water, and a light body compared with mercury. But in or- 
dinary language, we always consider iron as a heavy body. The term 
weight may, therefore^ be used in two very different senses, and a body may 
be at once very light or very heavy accordmg to t!.e sense in which the terms 
are used. A mass of cork which weighs a ton is very heavy, because its ab- 
solute weight as indicated by the balance, viz.. 2,000 pounds, is considerable. 
It is, however, in another sense, a light body, because if compared, bulk for 
bulk, with most other solid substances, its weight is very small. Hence wo 
make a distinction between the absolute, or real weight of a body, and its 
specific^ or comparative weight 
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What is Ab- 71. The Absolutb Weight of a body is 
solute Weight r ^jjg^^ q£ j^g entire mass, without any reference 
to its bulk, or volume. 

What ia spe- 72. The Specific Weight, or the Specific 
dfic Weight? Gravity of a body, is the weight of a given 
bulk, or volume ofthe substance, compared with the weight 
of the same bulk, or volume, of some other substance. 

The term " Specific" Weight, or Gravity, is used, because 
ttie*term " SpS bodies of different species of matter have different weights 
cific," as ap- under equal bulks, or volumes. Thus, a cubic inch of cork, 
^e^ht^ has a different weight from a cubic inch of oak, or of gold, and 

a cubic inch of water contains a less weight than a cubic inch 
of mercory. Hence we say that the specific gravity, or specific weight, of 
cork is less than that of oak or gold, and the specific gravity of mercury is 
greater than that of water. 

73. Specific Grravity, or Weight, being merely the oompara- 
sS*^ d' ' ?* *^^® gravity, or weight, it is convenient that some standard 
estimating the should be selected, to which all other substances may be re- 
Uy^S^^Sea?" ^®"^®^ ^^^ comparison. Distilled water has accordingly been 

taken, by common consent, as the standard for comparing the 
weights of all bodies in the solid, or liquid form. The reason for using dis- 
tilled water is, that we may be certain of its purity. 

Water, therefore, being fixed upon as the standard, we determine the spe- 
dfic gravity of a body, or we ascertain how much heavier or lighter a sub* 
stance is than water, by the following rule : — 

How do we 74. Divide the weight of a given bulk of the 
cific *Gra^5 substancc, by the weight of an equal bulk of 
of bodies? water. 

Explain the Suppose we take five vessels, each of which would contain 

application of exactly One hundred grains of water, and fill them respectively 
this role. ^j^j^ spirits, ice, watipr, iron, and quicksilver. The following 

differences in weight will be found : — ^The vessel filled with spirits would 
weigh 80 grains; with ice, 90 grains; with water, 100 grains; with iron, 760 
grains; with quicksOver, 1,350 grains. 

Water having been selected as the standard for comparing these different 
weights, the question to be settled is simply this: How much lighter thas 
water are spirits and ice, and how much heavier than water are iron and 
quicksilver ; or, m other words, how many times is 100 contained in 80, 90, 
750, and 1,360? The weights of the different substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water ; and there is 
found for spirits the weight 0*80, one Jfth lighter than water ; for the ice, 0-90, 
one tenth lighter than water; for the iron, 7*50, or seven and a half times 
heavier than water; for the quicksilver, 13*60, or thirteen and a half times 
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How do we ob« 
tain the Spe- 
cific Gravity 
of Liqaid 
bodies? 



in water, wliat 
occurs? 



hoavier than water. These numbers^ therefore^ are the apecffie gravities of ^he 

spirits^ icBf iron^ and quicksilver. 

For obtaining the specific gravity of Liquids the method 
above described is substantially the one usually adopted in the 
arts. A bottle capable of holding exactly 1,000 grains of 
distilled water, at a temperature of 60^ Fahrenheit, is ob- 
tained, filled with water, and balanced upon the scales. The 

water is then removed, and its place suppUed with the fluid whose spedfio 

gravity we wish to determine, and the bottle and contents again weighed. 

The weight of th_e fluid, divided by the weight of the water, gives the specific 

gravity required. Thus a bottle holding 1,000 grains of distilled watpr, will 

hold 1,845 grams of sulphuric acid; 1,846-i- 1,000 =1.845, or, the sulphuric 

acid is 1.845 times heavier than an equal bulk of water. 

For obtaining the specific gravity of solid bodies, a different 

merse a body method is adopted. When we immerse a body in water, 
it displaces a quantity of water equal to its own bulk. (In 
Fig. 7, the space occupied by the cube A B is obviously 

equal to a cube of water of the same size.) The FiQ. 1, 

water that before occupied the space which the 

body now fills was supported by the pressure of the 

other particles of water around it. The same 

pressure is exerted on the substance which we 

have immersed in the water, and, consequently, it 

will be supported in a like degree. 

„^ ,„ If the body weiglis less than an 

When will a , , „ , , 

body sink, and equal bulk of water, the pressure 

of the waterVill sustain it entirely, 

and the body will float ; if, on the 
contrary, it is heavier than an equal bulk of water, 
the pressure of the particles of water will be un- 
able whoDy to sustain it, and, yielding to the at- 
traction of gravitation, it descends, or sinks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, er its weight will diminish. "We ac- 
cordingly find, that a solid body, when immersed in water and weighed, will 
weigh less than when weighed in air, and the difference between these two 
weights will be equal to the weight of a quantity of water of the same size or 
bulk as the solid body ; all bodies of the same size, therefore, lose the same 
quantity of their weight in water. To find the Specific Gravity of Solids 
heavier than water, or their weight compared with the weight of an equal 
bulk of water, we have the following rule : 

75. Ascertain the weight of the hody in 
water, and also in air. Divide the weight in 
air by the loss of weight in water, and the 
quotient will be the specific gravity required. 



when iloat, ia 
Water? 




HoTT do we de- 
termine the 
Specific Oi^T- 
Ity of Solids 
hearier than 
water? 
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How do we 
fini the Spe- 
cific Grayity 
of a body 
lighter than 
water? 



^Q^ ^ Suppose a piece of gold weighs in 

the air 19 grains, and in water 18 
grains ; the loss of weight hi water will 
be 1; 19-1-1=19, the specific gravity 
of gold. 

Fig. 8 represents the arrangement of 
the balance for taking specific gravities^ 
and the manner of suspending the bodj 
in water from the scale pan, or beaai| 
by means of a fine thread, or hair. 

76. To find the specific 
gravity of a body lighter than 
water, tie it to some substance 
sufficiently heavy to sink it, 
whose weight in air and water 
is known. Weigh the two together, both in air and water, 
and ascertain the loss in weight. This loss 
will be the weight of as much water as is equal 
in bulk to the two solids taken together. 
Subtract the loss of the heavy body weighed 
by itself in water, previously known, from the loss sus- 
tained by the combined solids. The remainder will be 
the weight of as much water as is equal in bulk to the 
lighter body. Divide the weight of the lighter body in 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier solid 16 ounce& Let the weight wliich the two together lose 
when submerged in water, be 6 ounces, and let the weight which the heavier 
alone loses when immersed be 1 ounce. Subtracting the loss of weight of the 
heavier body, in water, 1 ounoe, from the combined loss of the two in water, 
5 ounces, we have 4 ounces as the weight of a mass of water equa) in bulk to 
the lighter body. But the weight of the lighter body m air is 3 ounces; 
3 -k4= 0.75=1^. It will, therefore, weigh three quarters of its own volume 
of water, or have a specific gravity 0.75. 

77. The specific gravity of Liquids may also be found by ths 
?nT the*^sS l>*lance in the following manner : Weigh a solid body m water, 
ciflc OraTity- as well as in the liquid whose specific gravity is tn be de- 
bilance/*^**** termined; then the loss in each case will be the respective 
weights of equal bulks of water and liquid. We hava there- 
fore, the following rule: 

78. Divide the loss of weight in the liquid by the loss 
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of "weight in water ; the quotient will give the specific 
gravity of the liquid. 

Thus a solid body (a piece of glass is generallj used) loses 20 grains when 
Treighed in water, and 30 grains when weighed in add; 30-1-20=1.5, the spe- 
cific gravity of the add. 

' 19. There are various other methods of obtainmg the specific gravity of 
solids and liquids.* Those we have described are the ones most generally 
adopted. 

B^Trdoweob- 80. For obtaining the specific gravity of 
dfie *GrBvE^ gases, ail instead of water is adopted as the 
ofaomst standard of comparison. The weight of a 
given volume or measure of a gas is compared with the 
weight of an equal volume of pure atmospheric air, and 
the weight of the gas divided by the weight of the air, 
will express the specific gravity of the gas. 

81. The following table exhibits the specific gravity of various solid, liquid, 
and gaseous bodies ; pure water, having a temperature of 60 degrees Fahren- 
heit's thermometer, being assumed as the standard of comparison for solids 
and liquids, and pure, dry air, having the same temperature, bemg assumed 
as the standard of comparison for gases. The metal platinum has the greatest 
specific gravity of any solid body, being 21.60 times heavier than an equal 
bulk of water ; and hydrogen gas the least specific gravity of any of the gases, 
bemg 14.4 lighter than an equal bulk of air, and 12.000 lighter than an equal 
bulk of water. These two substances are respectively the heaviest and light- 
est ibrms of matter with which we are acquunted. 

SOLIDS AND LIQUIDS. 

DistOledwatOT 1.000 

Platinum • 21.500 

Gold 19.360 

Mercury 13.600 

Lead 11.460 

Silver 10.500 

Copper 8.870 

Iron "^-SOO 

FUnt Glass 3.320 

Marble 2.830 

Anthracite coal 1.800 

Box-wood 1.320 

Sea-water 1.020 

Whale oil 0920 

Pitch-pine wood 0.660 

* See HTdrometer. 
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White pine 0.420 

Alcohol 0.800 

Ether 0.720 

Cork 0.240 

GASES. 

Pure, dry atmospheric air . . > 1.000 

Carbonic acid gas 1.520 

Oxygen 1.100 

Nitrogen 0.970 

Ammoniacal gas 0.580 

Hydrogen 0.070 

How can we ^^' "^ °^^^° ^°^* ^^ water weighs almost exactly 1,000 
determine the ounces avoirdupois, or 62^ pounds. I^ therefore, the specific 
Jf1l?^b?dy film g^fi-vity ^^ ^ater be represented by the number 1,000, the 
its Specific numbers which express the specific gravity of all other solids 

ravity ? ^^^ liquids, will also express the number of ounces contained 

in a cubic foot of their dimensions. Thus, the specific gravity of gold being 
19.360, it follows that a cubic foot of gold will weigh 19,360 ounces; and the 
specific gravity of cork being 0.240, the weight of a cubic foot of cork will 
be 240 ounces. By means of a table of specific gravities, therefore, the 
weight of any mass of matter can be ascertained, provided we know its cu- 
bical contents, by the following rule : 

83. Multiply the weight of a cubic foot of water by 
the specific gravity of a substance ; the product will be 
the weight of a cubic foot of that substance. 

Thus, anthracite coal has a specific gravity of 1.800. This, multiplied by 
the weight of a cubic foot of water, 1,000 ounces, gives 1,800 ounces, which 
is the weight of a cubic foot of coal. 

How can we 84. Thc voluoie, Qr bulk, of any givcn Weight 
bSk ^f "i sSJ ^^ ^ substance can also be readily calculated, 
sp^cm^GJa^ ^y dividing the number expressing the weight 
'*^^ in ounces by the number expressing the spe- 

cific gravity of the substance, omitting the decimal points; 
the quotient will express the number of cubic feet in the 
volume, or bulk. 

Thus, for example, if it be desired to ascertain the bulk of a ton of iron, '4 
is only necessary to reduce the ton weight to ounces, and divide the number 
of ounces by 7.800, the specific gravity of iron ; the quotient will be the 
number of cubic feet in the ton weight. 

of matter were 85. If the particlcs of all matter were per- 
how woSr^ fectly free to move among themselves, their 
thf^*va^°^ arrangement in space would always be in ex- 
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act accordance with their different specific gravities : in 
other words, light bodies, or those having a small specific 
gravity, would rest upon, or rise above all heavier bodies, 
or those possessing a greater specific gravity. 
„^ ^ ,„ In the case of different liquids, the particles of which are 

trations of this free to move among themselves, this arrangement always ex- 
principle? ig|^ gQ iQQg ag ^he different substances do not combine to- 
gether, by the force of chemical attraction, to form a compound substance. 
Thus, water floats upon sulphuric add, oil upon water, and alcohol upon oi^ 
and by carefully pouring each of these liquids successively upon the sur&ce 
of the other, they may be arranged in a glass in layers. 

Carbonic acid gas is heavier than atmospheric air. We accordingly find 
that it accumulates at the bottom of deep pits, wells, caverns and mines. 

This principle also explains certain phenomena which at 
balloon <^iid, ^^^ seem opposed to the law of terrestrial gravity, that all 
or * cork rise matter is attracted toward the center of the earth. We ob- 
of water? *** Bewe a balloon, a soap-bubble, or a cloud of smoke or steam 
to ascend ; and a cork, or other light body, placed at the bot- 
tom of a Tessol of water, rises through it, and swims on the surface. These 
phenomena are a direct consequence of gravitation ; the attraction of which, 
increasing with the quantity of matter, draws down the denser air and water 
to occupy the place filled by the lighter bodies, which are thus pushed up, 
and compelled to ascend. 

]^Q^ 9, Suppose Oy Fig. 9, a ball of wood bo loaded with lead 

that it will float exactly in the middle of a vessel of water. 
The weight of the wood and the upward pressure of the 
water have such a relation to each other, that the ball is 
balanced in this position. If now we add a few drops of 
strong salt and water, we shall see, as it sinks and mixes 
with the water, that the ball, a, is forced to the top of the 
fluid, because the attraction of gravitation on the denser 
fluid draws it down, and compels it to occupy the place 
of a. 

The principle that the particles of liquids arrange them- 
selves according to then* specific gravities, has been taken 
advantage of in the West Indies by the slaves, in order to 
enable them to steal rum from caska The long neck of a bottle filled with 
water, is inserted through the bung of the cask into the rum. The water 
falls out of the bottle into the cask, while the lighter rum rises to take its 

place. 

The principle of specific gravity admits of many valuable 
Motion iome applications in the arts. It offers a very sure and quick 
applications of method of determining whether a substance is pure or adul- 
Bpedflc grar- terated. Thus, silver may be mixed with gold to a consider- 
able extent^ without ch£mging, to any great degree, the ap- 
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pearance of the gold. The specific gravity of pure gold being 19, and of pure 
silver 10, it is obvious that a mixture of the two will have a specific gravity 
less than pure gold, and greater than pure silver, the difierenoe being propor- 
tioned to the amount of adulteration. In the same way we can determine 
whether cheap oils have been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilUant gas. In any case it enables us 
to ascertain the exact size or solid bulk of a maas, however irregular-— even 
of a bundle of twigs.* 

PRACTICAL PROBLEMS RELATING TO SPECIFIC GRAVITY. 

1. The weight of a solid body ii 200 graina, bat its weight in water is only 100 graku; 
what is the specific grayity of tiie body ? 

' SoluHon : 50 grains = loss of weight in water ; 800 grains (weight In air)-l-60=4, spe- 
cific gravity required. 

2. A body weighed in the air 28 pounds, and in water 24 pounds ; what is its spedfie 
grayity ? 

3. An irregular fragment of stone weighed in air 78 grains, but lost 30 upon being 
1 in water; what was the specific gravity of the stone ? 



4. A piece of cork weighed in the air 43 grains, and a piece of brass 660 grains ; the 
brass weighed in water 488 grains, and the brass and cork when tied together weighed in 
water S36 grains. What was the specific grayity of the cork f 

5. How much more matter is there in a cubic foot of sea-water, than in a cubic foot of 
firesh water? 

6. Would a piece of steel sink or swim in melted copper? 

7. When alcohol and whale-oil are put in the same vessel, which of these two tab- 
stances will occupy the top, and which the bottom part of the vessel? 

8. If a cubic foot of water weigh 1,000 ounces, what will be the weight of a cubic foot 
of lead? 

9. What will be the weight of a cubic foot of cork, in ounces and in pounds ? :i^ 

* The attempt to ascertain whether a particular body had been adulterated led Archi- 
medes, it is said, to the discovery of the principle of specific gravity. Hiero, King of 
Syracuse, having bought a crown of gold, desired to know if it were formed of pure metal; 
and as the workmanship was costly, he wished to accomplish this without defecing it 
The problem wta referred to Archimedes. The philosopher for some tipe was unable to 
solve it, but being in the bath one day, he obserred that the water rose in the bath in ex- 
act proportion to the bulk of his body beneath the surface of the water. He instantly per- 
ecived that any other substance of equal sice, would raise the water Just as much, though 
one of equal weight and less size, or bulk, could not produce the same effect. Convinced 
that he could, by the application of this principle, determine whether Hiero* s crown had 
been adulterated, and moved with admiration and delight^ he is said to have leaped fh)m 
fhe water and rushed naked into the street, crying ** EvpriKa ! Et;pi7«ra I" " I have found iti 
I have found it T * In order to apply his theory to practice, he procured a mass of pure gold 
and another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies successively into a vessel quite filled with water, and having carefully 
collected and weighed the quantity of liquid which was displaced ih each instance, h« 
ascertained that the mass of pure gold, of the same weight as the crown, displaced lesa 
water than the crown ; the crown was, therefore) not pure gold. The mass of pure Rilver 
of the same weight as the crown, displacedmorewaterthan the crown j the crown, thera- 
forc, was not pure silver, but a mixture of gold and silver. 
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, 10 How many enbie feet in a ton of gold? 

IL How many cubic feet in two tons of anthracite coal ? 

12. How many cubic feet in a ton of cork t 

13. A fragment of metal lost 5 ounces when weighed in water ; what were its dimen- 
sions, suppodng a cubic foot of water to weigh 1,000 ounces ? 

Solution: The loss of weight in water, 5 ounces, is the weight of a bulk of water equal 
to that of the body. As we know the weight of a cubic foot of water, we can determiiie 
the number of cable inches or feet in any given weight, thus : as 1,000 (the weight of a cubic 
foot of water in ounces) is to 6 ounces, so is 1,788 (the number of cubic inches in a oubi« 
foot) to 8.64 cubic inches, the dimensions of the fragment 

14. Wishing to ascertain the number of eubie inches in an irregular fragment of stone, 
it was weighed in water, and its loss of weight observed to be 42S ounces. What were its 
lUmensioBs? 

SECTION III. 

CENTEB OF OBAYITT. 

What is the ®^* ^^^ Center of Gravity in a body, is 

centerofGrar- that poiiit about which, if supported, the 

whole body will balance itself. 

Pj^ ^q If we take a rod, or beam, of 

equal size throughout, and suspend 

it from the middle, Fig. 10, the 

two sides will exactly balance each 

^ other, and it will remain at rest in 

a horizontal position. There being 

as much matter similarly situated on one side of the support as on the other, 

the force of attraction exerted on both sides will be alike, and therefore one 

side can not overpower, or outweigh the other. 

In every body, of whatever size or form, a point may be 
How may we found, about which, if supported, all the parts of the body will 
whole attrae- balaiice, or remain at rest Everybody may be considered as 
a^Sd^^'^noM^ made up of separate particles, each acted upon separately by 
trat^ at its gravity, but as by supporting this one point we support the 
Center of Gray- ^jj^jg^ ^^ y^y lifting jt we lift the whole, and as by stopping it 
we cause the whole body to rest, the whole attraction exerted 
on the«entire mass may be considered as concentrated at this one point, and 
this point we call the Center of Gravity. 

What is the ^^' ^^^ Center of Magnitude of a body; 

centerofMag- ig thc Central point of the bulk, or mass of the 

body. 
^ , ,^ 88. When a body is of uniform density, the 

Where te the ^ ^ -n • • i • V • 

Center of Gi*T- CENTER OF GRAVITY Will COmClde With itS 
ityofabody? . .tit ^ o 

center of magnitude ; but when one part oi a 
body is composed of heavier materials than another part, 
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the center of gravity no longer corresponds with the center 
of magnitude, or the central point of the bulk of the body. 

Fig. 11. Thus, in a sphere, a cube, or a cylinder, the center of grav- 

ity is the same as the center of the body. In a ring of uni- 
form size and density, the center of gravity is the center of 
I the space inclosed in the ring (see Fig. 11). This example 
I shows that the center of gravity is not necessarily included 
in that i)ortion of space occupied by the matter of the body. 
In a wheel of wood of uniform density and thickness the 
center of gravity will be the center of the wheel, but if a part of the rim b« 
made of iron, the center of gravity will be removed to some point aside from 
the center. 

When two bodies are connected together, they may be regarded as one 
body, having but one center of gravity. If the two bodies be of equal weighty 
the center of gravity will be m the middle of the line which unites them ; 
but if one be heavier than the other, the center of gravity will be as much 
nearer the heavier body, as the heavier exceeds the lighter one m weight 
Fia. 12. Thus, if two balls, each weighing four pounds, be 

connected together by a bar, the center of gravity 
will be a point on the bar equally distant from 
each. But if one of the balls be heavier than the 
other, then the center of gravity will, in propor- 
tion, approach the larger ball. This is illustrated by reference to Fig. 12, in 
which the center of gravity about which the two balls support themselves, is 
seen to be nearest to the heavier and larger ball. 

89. The center of gravity of a body being regarded as the 
Center ^f Grav- P^^'^* ^^ which the sum of all the forces of gravity acting upon 
itybeinperma- the separate particles of the body are concentrated, it 
equiUbrium?^' be considered as influenced by the attraction of the earth 
in a greater degree than any other portion of the body. It 
follows, therefore, that if a body has freedom of motion, it can not be brought 
into a position of permanent equilibrium, until its center of gravity occupies 
the lowest situation which the support of the body will allow ; that is. the 
center of gravity will descend as Cxr toward the center of the earth as possible. 

What do we ^^' -^y Equilibrium we mean a state of rest 
jjej^YEquUi- produced by the counterpoise, or balancing, of 
opposite forces. 

Thus when one force tending to produce motion ui one direction, is opposed 
by an equal force tending to produce motion in an exactly opposite direction, 
the two balance each other, and no motion results. To produce any action, 
there must be an inequality in the condition of one of the forces. « 
B hat X- "^^^^ *"^*^ of this principle may be illustrated by certain ex- 

periment can periments which at first seem to be contradictory to it. Thus 
SS prindSe*? * cylinder may be made to roll up an inclined plane. Fix a 
piece of lead, I, Fig. 13, on one side of the cylinder a, so that 
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In what three 
ways may the 
Center of Gray- 
1^ be rapport' 



niastrate 
first ease. 



the 



the center of gravity of the cylinder will be at the point I, while its center 

of magnitude is at c The cylinder 

will then roll up the inclined plane to 

the position a I, because the center 

«t ^- I \o \ of gravity of the mass, ii will endeavor 

to descend to its lowest pomt 

91. A prop that supports 
the center of gravity sup- 
ports the whole body. This support may be applied in 
three different ways : 

1. The point of support may be applied di- 
rectly to the center of gravity of the body. 

2. The point of support may have the cen- 
ter of gravity immediately below it. 

3. The point of support may have the center of gravity 
immediately above it. 

In the first case, where the point of support is applied dU 

rectly to the center of gravity, the body will remain at rest iq 

any position ; this is illustrated in the case of a common wheel, 

where the center of gravity is also tlie center of the figure, and this being 

j^0^ 14_ supported on the axle, the wheel rests 

indifierently in any position. In Fig, 

14, let Oj the center of the wheel, which 

!> is also its center of gravity, be supported 

by an axle ; — ^the wheil rests, no matte* 

O' to what extent we turn it 

In the second case, where the point 
-C of support is above the center of gravity, 
the body, if it is allowed freedom of mo^ 
tion, will not rest in perfect equilibrio 
until its center of gravity has descended to the lowest position, which in all 
cases will be immediately beneath the point of suspension. 
Thus, in Fig. 14, let the wheel, the center of gravity of wliich 
is at a, be suspended from the point 5, by a thread, or hung 
upon an axle, having freedom of motion on that point. However much w» 
may move it, either right or left, toward tti or n, as shown by the dotted lines, 
am and auj it swings back again, and is only at rest when b and a are in the 
same perpendicular line. 

In the third case, where the point of support has the cen- 
ter of gravity above it, a body will remain at rest only so long 
as the center of gravity is in a vertical line, above the point 
of support In Fig. 14, suppose the wheel to be supported at the point c, sit- 
uated in a vertical line a c, immediately below the center of gravity, a; so 
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What is Indif- 
ferent Equili- 
brium? 



What is Stable 
EquiUbrinm? 



loDg as this position is maintained, the wheel will remain at rest, but the mo- 
ment the center of gravity, a, is moved a little to the right or left, so as to 
throw it out of the vertical line joining a and c, the wheel will turn over, and 
assume such a position as to bring the center of gravity inmiediately beneath 
the point of support, as in the second case. 

Upon what 92. The stability of a body, therefore, de- 

wmyoflb^ pends upon the manner in which it is sup- 
depeod? ported, or in other words, upon the positica 

of its center of gravity. 

What are the 93. As a body may be supported in three 
tio'^of^uuil positions, we have, as a consequence, three 
brium? conditions of equilibrium, viz., Indifferent, 

Stable, and Unstable Equilibrium. 

Indifferent Equilibrium occurs when a body is supported 
upon its center of gravity ; for then it remams at rest indiffer- 
ently in every position. 

Stable Equilibrium occurs when the point of support is 
above the center of gravity. If a body be moved from this 
position, it swings backward and forward for a time, and 
finally returns to its original situation. 
,„^ , , „ Unstable Equilibrium occurs when the point of support is 

What Is Un- , ,, ^ . ^ ,«, « 

stable EquUi- beneath the center of gravity. The tendency of the center of 

briam • gravity in such cases is to change, and take the lowest situation 

the support of the body will allow. 

94. The principle that when a body is suspended freely, it 

will have its center of gravity in a vertical line, immediately 

below the point of support, hll been taken advantage of to 

determine experimentally the position of the cecter of gravity, 

in irregular shaped bodies. Suppose we suspend, as in Fi^. 

15, an irregular piece of board by means of cord. A plumb-line let fall from 

the point of support, or the prolongation of the cord, will 

pass through the center of gravity, G. If we now attach 

the cord to another point, and suspend the body anew, tlia 

prolongation of the cord in this instance, also, will pa^s 

through the center of gravity, G. The intersection of 

these two lines will be the center of gravity, and the 

board, if suspended by a cord attached to this point, will 

hang evenly balanced. 

95. A line which connects the center of 
gravity of a body with the center of the 
earth, or, in other words, a line drawn from 
the center of gravity perpendicularly downward, is called 
the Line of Direction. It is called the Line of Direction, 



How may -we 
determine the 
center of grav- 
ity in irr^^lar 
bodies? 
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SS?of Dii^ because when a solid body falls, its center of 
tion? gravity moves along this line until it reaches 

the ground. When bodies are supported upon a basis, 
their stability depends on the position of their Line of 
Direction. 

96. If the line of direction falls within the 
base upon which the body stands, the body 
remains supported ; but if it falls without tLe 
base, the body overturns. 

Fig. 16. Fig. 17. 



When will a 
body stand, 
and when will 
IfefaU? 





Thus, in Fig. 16, the line directed vertically from the center of gravity, G, 

falls within the base of the body, and it remains standing; but in Fig. It a 

similar line falls without the base, and the body, consequently, can not bo 

mamtained in an upright position, and must fall. 

A wall, or tower stands securely, so long as the perpendicular line drawn 

through its center of gravity falls 
within its base. The celebrated 
leaning-tower of Pisa, 315 feet higli, 
which mclines 12 feet from a per- 
fectly upright position, is an example 
of this principle. For instance, the 
line in Fig. 18, fiiUmg from the top 
of the tower to the ground, and 
passing tlirough the center of gra /itj, 
falls within the base, and the tower 
stands securely. IfJ however, aa 
attempt had been made to build the 
tower a little higher, so that the per- 
pendicular line passing through the 
center of gravity, would have fellen 
beyond the base, the structure cc -ild 
no longer have supported itsel£ 

97. The broader, or larger 
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the base of a body, and the nearer its principal mass is to 
When wiu a *^^ baso, OF, in other words, the lower its cen- 
ter of gravity is, the firmer it will stand. 
A pTramid, for this reason, is the firmest of all structures. 
The base upon which the human body rests, or is supported, 
18 the two feet and the space included between them. The 
advanta:ge of turning out the toes when we walk is, that it 
increases the breadth of the base supporting the bodj, and 
f enables us to stand more securely. 

In every movement of the body, a man adjusts his position unconsdonsly, 
in such a way as to support the center of gravity, and cause the line of di- 
rection to fall within' the base. 

Why does a ^ person carrying a load upon his back, bends, forward in 
order to bring the center of gravity and his load over his 
feet' 



body stand 
most firmly ? 



What is the 
advantage of 
turning out the 
toes in walk- 
ing? 



person carry- 
ing a load up- 
on his back 
bend over ? 



Pia. 19. 



Fig. 20. 





Why does a 
person lean for- 
ward in ascend- 
ing a hill, and 
backward in 
descending? 

Why is a high 
carriage more 
liable to over- 
turn than a low 
one? 



Fia 21. 



If he carried the load in the position of A, Fig. 19, he would be liable to 
fall backward, as the direction of the center of gravity would fidl beyond his 
heels ; to bring the center of gravity over his feet, he assumes the position 
indicated by B, Fig. 20. 

For the same reason, when a 
man ascends a hill he leans for- 
ward, and when he descends he 
leans backward. See Fig. 21. 

A high carriage is much more 
liable to be overset by an irregu- 
larity in the road than a low one ; 
because the center of gravity being 
high, the line of direction is easily 
thrown without the base. This 
will appear evident from the following illustration, Fig. 22. 
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' Let A represeDt a coach standiDg on a level ; B, a cart loaded with stones 
on a slope ; C, a wagon loaded with hay on a slope ; a a a the centers of 
gravity ; a 6, line of direction ; c d^ base. 

Here it is obvious that the hay- wagon must upset, because the Ime of di- 
rection ^Is without the base ; that the coach is very secure, because the line 
of direction falls &r within the base; and the stone^^art, though the center 
of gravity is low tlown, is not very secure, because the line of direction fidls 
very near the outside of the base. 

The effect on the stability of a body occa* 
sioned by placing its center of gravity in a very 
low position, is shown in an amusing toy for 
children, represented by Fig. 23. The horse, 
with his rider, is firmly supported on his hind 
feet, because, by means of a leaden ball attached 
to the bent wire, the center of gravity is brought 
below the point of support 

When win a ^^* ^^^ ^ P^**^ °° ^ "^* 

body slide and dined surface, it will slide down 

when its line of direction falls 

within the base ; but it will roll 
Pia. 24. down when it falls with- 

out the base. Thus the 

body, c. Fig. 24, having its line of direction e a, with- 
in the base, will sUde down the inclined surface, c d; 
but the body h a, will roll down, since its line of di« 
rection, h a, J&JIs without the basa 

a -^ 



▼hen roll down 
a dope? 







sHi^ 



PRACTICAL QUESTIONS ON THE CENTER OP GRAVITY. 

1. Why does a person in rising from a chair bend forward ? 

WTien a person is sitting, the center of gravity is supported by the seai; 
In an erect position, the center of gravity is supported by the feet; therefore, 
before rising it is necessary to change the center of gravity, and, by bendmg 
fi>rward, we transfer it firom the chair to a point over the feet 
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2. Why is a turtle placed on its baek anaUe to more ? 

Because the center of gravity of the turtle is, in ihds posiHorkj at the htoest 
pointj and the animal is unable to change it ; therefore it is obliged to remain 
at rest 

3. Why do very fat people throw bi^ their head and shoulders when they walk? 

In order that they may effectually keep the center of gravity of the body 
over the base formed by the soles of the feet ' 

4. Why can not a man, standing with his heels dose to a perpendicular wall, bendoTif 
ouffldently to pick up any object that lies before him on the ground, without fjijlingf 

Because the wall prevents him from throwing part of his body backward, 
to counterbiUance the head and arms that must project forward. 

5. What is the reason that persons walking arm-in-arm shake and jostle each other, 
unless they make the morements of their feet to correspond, as soldiers do in marching? 

When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left foot The body advances, therefore, in a woo- 
ing line; and unless two persons walking together keep step, the waving mo- 
tion of the two fails to coincide. 

6. In what does the art of balandng or walking upon a rope consist? 

In keeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a very difficult thing for children to learn to walk ? 

In consequence of the natural upright position or the human body, it is 
constantly necessary to employ some exertion to keep our balance, or to pre- 
vent ourselves from &Uing, when we place one ibot before the other. Chil- 
dren, after they acquire strength to stand, ore obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involimtarily. 

8. Why do young quadrupeds learn to walk much sooner than children? 
Because a body is tottering in proportion to its great aUitude and narrow 

base, A child has a body thus constituted, and learns to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a broad supporting base^ are able to stand and move about 
Idmost immediately. 

9. Are all the limbs of a tall tree arranged in such a manner, that the line directed 
from the center of gravity is caused to fall within the base of the tree ? 

NcUwre causes the various limbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity within 
the base, as though they had been all arranged artificially. Each limb grows, 
in respect to all the others, in such a manner as to preserve a due balance be- 
tween the whole. 
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SECTION IV. 



BFFBCTS OF ORAVITl^ AS DISPLATED BT FILUNG BODIB& 



What is a Ver- 
tical liner 



What ia a 
Plomb Unef 



Fia26. 




98. When an unsupported body falls, its 
motion will be in a straight line toward the 

center of the earth. This line is called a Vertical 

lilNE. 

99. If a body be suspended by a thread, the 
thread will always assume a vertical direction^ 

or it win represent that path in which the body would, 
have fallen. A weight thus suspended by 
a thread, is called a Plumb-Link,* Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a vertical or perpendicular position. 
What is a 100* -A. plumb-line is always 

Level surikeef perpcudicular to the surface of 
water at rest. The position of such a sur- 
face we call Level. 

No two plumb-lines upon the eartb^s surface will be 
parallel, but will incline toward each other, since no two 
bodies from different points can approach the center of a 
sphere in a parallel direction. If their distance apart be 

one mile, this indinalaon will amount to one minute, 

and if it be sixty miles, to one degree. In Fig. 26, 

let E E be a portion of the earth's surface, and D its *\ 

center; the bodies A, B, and C, when allowed to \ 

drop^ will &1I in the direction A D, B D, and C D. 

wuiaii bodies, 101. As the attraction of e^ 
SSeBceSU: ^^^ e^'-tl^ acts equally and 
JI?th**2^^^i independently on all the 
locifcies? particles composing a body, 

it is clear that they must iall fall with 
equal velocities. It makes no difference whether the sev- 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

* Flamb line, m called trota the Latin word pltmibumt lead, the weight osoalljat* 
iMhed to the string. 
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Upon what do 
the force and 
Telocitiefi of 
felling bodies 
If 



If ten or a hundred leaden balls be disengaged togefher, they wiH fall in 
the same time, and if they be molded into one ball of great magnitade, it 
will still fall in the same manner. 

102. Hence all bodies under the influence of gravity 
alone, must fall with equal velocities.* 

There are some &miliar &cts which seem Fig. 27* 
perinient can to be opposed to this law. When we let go 
jrou proTc thi« ^ feather and a mass of lead, the one floats 
in the air, and the other falls to the ground very 
rapidly. But in this case, the operation of gravity is modified 
by the resistance of the air ; the feather floats because the 
air opposes its descent, and it can not overcome the resistance 
i>flrered. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same time^ 
they will fall in equal periods. The experiment is easily 
shown by takhig a glass tube. Fig. 27, closed at one end, and 
supplied with an air-tight cap and screw-cock at the other. 
A feather and a piece of metal are previously indosed in the 
tube. The tube being filled with air, and inverted, the metal 
will fall with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condition in- 
verted, the feather and the metal will fiUl fix>m end to end 
of the tube with equal velocity. 

103. If a man leap firom a chair or table, 
he will strike the ground without injury. If 
the same man leap from the top of a high 
house, he will probably be killed. These, 
and many like instances, prove that the force 
with which a falling body strikes the ground depends upon 
the height firom which it falls. But the force depends on 
the velocity of the body the moment it touches the ground; 
therefore, the velocity with which a body Ms depends also 
upon the height from which it descends. 

* Previons to the time of Galileo, the philosophen midntalned that the velodty off" 
fitUing body was in proportion to its weight, and that if two bodies of unequal weights, 
were let fall from an elevation, at the same moment, the heavier would reach the ground 
M much sooner than the lighter, as its weight exceeded it. In other words, a body weigh- 
ing two pounds would fall in half the time that would be required by a body weighing on* 
pound. Galileo, on the contrary, asserted that the velocity of a falling body is independant 
of its weight, and not affected by it The dispute running high, and the opinion of the 
public being generally averse to the views of Galileo, he challenged his opponente to test 
Che matter by a public experiment The challenge was accepted, and the celebrated leaning- 
tower of Pisa agreed upon as the place of triaL In the presence of a large coneoarse, two 
balls were selected, one having exactly twice the weight of the other. The two were then 
dropped from the summit of the tower at the same moment, and, in exact aooordaooa 
With the assertions of Galileo, they both struck the ground at the same instant 
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^v does 104 When a body fiUla, it is attracted by gravity during 

SftiSi l^?^ the whole time of its falling. Gravity does not merely set 
the body in motion and then cease, but it continues to act 
Baring the first second of time, the force of gravity will cause the body to 
descend through a certidn space. At the end of this time, the body would 
continue to move, with the motion it has acquired, without the action of any 
further force, merely on account of its inertia. But gravity continues to act, . 
and will add as much more motion to the fallmg body during the second 
second of time, as it did during the first second, and as much again duripg 
the third second, and so on. 

What la iba ^^^' Falling bodies, therefore, descend to 
£>dii' ^"^' *^® earth with a uniform accelerated motion, 
A body falling from a height will fall 16 feet 
in the first second of time,* three times that distance in 
the second, five times in the third, seven in the fourth, 
the spaces passed over in each second increasing as the 
odd numbers 1, 3, 5, 7-, 9, 11, etc. 

How does the 1^6. The entire space passed over by a body 
K^ a^'thi ^ falling is as the square of the time ; that is, 
fa^\Sdy JSSi in twice the time it will fall through four times 
5*"' the space ; in thrice the time, nine times the 

space.f 

The time occupied in ftUing, therefore, being known, the height torn which 
a body Ms may be calculated by the following rule: 

Time bd •^®^- M!ultiply the square of the number of 

tolhdghrfSm s^^^^^s ^^ *™^ consumed in falling, by the 
which a body distauce wIl 3h a body will fall in one second of 

fiaiabefoand? . '* 

time. 

Thus, a stone is five seconds in fitllmg fix>m the top of a precipice ; the square 
of five seconds is 25 ; this multiplied by 16, the number of feet a body will 
fell in one second, gives 400 — the height of the iH^pice. 

How do the 108. As the effect of gravity is to produce a 
ttm'^offam^ uniform accelerated motion, the velocity of % 
flompare? felling body will increase as the time increasea 

* The spaces described by falling bodies are here given in round numbers, the fhtctions 
being omitted. The space described by a fiaUing body during the first second is 16 1-lOth 
feet • 

t The TCststaoee of the air essentlaUy modifies the laws of the motions of feUing bodies, 
88 here sUted, and with a certain Telocity, wiU become equal to the weight of the fioaiiDg 
body. After this takes place, the body will descend with a uniform Telocity. There 
is, therefore, a limit to the Telocity which a body can acquire by falling through the 
%tmo8phrTe. 
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Thus, at the end of two seconds, the yelocity acquired bj a falling be^ 
will be twice as great as at the end of one second, thrice as great at the end 
of the third second, and so on. 

Howarebodiei l^^- Bodies pfojected directly upward, will 
wftafliieTOd ^ influenced by gravitation in their ascent, as 
bygrayityf yv^U as in their descent, but in a reversed 
order ; producing continually retarded motion while they 
are rising, and continually increasing motion during their 

mi 

Thus, a body projected up perpendicularly into the air, if not influenced by 
fhe resistance of the air, would rise to a height exactly equal to that from 
which it must have Men to acquire a final velocity the same as it had at 
the first instant of its ascent 

110. To determine the height to which a 
body projected upward will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acquire the same velocity. 
The answer in one case will be the answer in 



Hoif oan wb 

determine the 
height which a 
body projected 
upward with a 
given Telocity 
wiUaoeendf 



the other. 



How do fhe 
times of ascent 
and descent 
compare f 



111. The time, also, which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
would require to fall to the ground from that height. 

The following table exhibits an analysis of the motioDS of a Ming body; 
the spaces passed over in each interval of time of &lling, increasing as the 
odd numbers 1, 3, 6, 7, 9, etc. ; the velocitifts acquired at the end of each in- 
terval increasing directly as the times ; and whe whole space passed over being 
as the squares of the times. 



NambflrofSeeoiMb 


Spaces Ikllen 
•aceessive Second. 


Velocities acquired 
at the End of 


Total Height fallen 


in th« Fall, eountod 

from a State of 

Rest. 


Number of Secoadi 
Column. 


in the Number of 

Seconds expressed Ib 

First Column. 






s 


1 






4 


4 






6 


9 






8 


16 






10 


S6 




11 


12 


86 




18 


U 


49 




16 


1ft 


64 




17 


18 


81 


10 


19 


80 


100 



Where extreme accuracy is not required, most of the problems connected 
with the descent of falling bodies, may be worked with great readiness — 16 
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feet, the space passed through by a Ming body in one seocmd, being taken 
aa the common multiple of distances and velocitiea 

Thus, to ascertain the height from which a bodj would fim in 6 seconds, 
take ui the fourth column of the table the number opposite 5 seconds, which 
is 25, and multiply it by 16; the product, 400, will be the height required. 
Problems of this character may also be worked by the rule given (§ 107). 

In the same manner, if it be required to detennine the space a falling body 
would descend through in any particular second of its motioD, as, for exam- 
pie, the 5th second, we take in the second column of the table the number 
opposite five seconds, which is 9, and multiply it by 16 ; the produpt, 144^ is 
the space required. 

In like manner, if it be required to determine with what velocity a body 
would strike the ground after falling during an interval of 5 seconds, we take 
the number in the third column of the table opposite 5 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
velocity required f and a body thus falling for 6 seconds would have, when 
it strikes the ground, a velocity of 160 feet 

whAt win be ^^^' ^^ ^ fc<>dy, instead of felling perpen- 
theveiodty of dicularlv, bo made to roll down an inclined 

a body falling X /• n»» i -i* • t 

down an in- plane, free from friction, the velocity acquired 
at the tennination of its descent, will be equal 
to that it would acquire in falling through the perpen- 
dicular height of the inclined plane. 

Fig. 28. Thus, the velocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by fiilling down the perpendicular height A C. 

113. The great Italian philosopher Gahleo, auring the 
^g early part of the 17th century, had his aitemion directed, 
while in a church at Florence, to the swmging of the 
chandeliers suspended from the lofty ceiling. He noticed tnat when they 
How, and by ^^^ moved from their natural position t>y any disturbing 
whom was the cause, they swung backward and forward m a curve, for a 
OTwed? ^**" long tune, and with great uniformity, rising and falling alter- 
nately in opposite directions. His inquiry into the cause of 
thes) motions led to the invention of the pendulum, the tneoty of which may 
be explamed as Mows : 

Explain the ^^^ ^^ hodieB will have thdr motion as much accelerated 

theory of the whilst descending a curve, as retarded whlist ascending. Lot 
pendulum. A B be a curve. Fig. 29. If a 

ball be placed at 0, the attraction of gravitation ^^* 

will cause it to descend to A, and in so domg it 
will acqmre velocity sufficient to carry it to B, 
all opposing obstacles being removed, such as 
Miction and resistance of the air. Gravitation 

8* 
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Fig. 30, 
A 



will once more bring it down to A; it will then rise again to C, and so ooo* 
tinue to oscillate backward and forward. 

If we now suspend the ball by a string, or 
wire, in such a manner that it will swing 
freely, its motions will be the same as that 
of the ball rolling upon the curva A body 
thus suspended is called a Fenduluic. In 
Fig. 30, D G, the part of the cirde through 
which the pendulum moves, is called its wrc^ 
and the whole movement of the ball from D 
to C is called an osciUaUon. 

115. The times of the 
vibrations of a pen- 
dulum, are very nearly 
equal, whether it 



How do the 
times of the vi- 
bratioDB of a 
pendulam com- 
pare with each 
other? 



/ 




moves much or little ; or, in 

other words, through « greater, or less part of its arc. 

The reason that a large vibration is performed in the same 
Kuoa^^of fUs time as a small one, or, in other words, the reason the pendu- 
^^' ' lum always moves &ster in proportion as its journey is longer, 

is, that in proportion as the arc described is more extended, the steeper are 
the declivities through which it &lls, and the more its motion is accelerated. 
Thus, if a pendulum, Fig. 30, begins its motion at D, the accelerating force is 
twice as great as when it is set free at b ; and if we take two pendulums of 
equal lengths, and liberate one at D and another at b at the same time, they 
will arrive at the same moment at E. 

116. This remarkable property of the pendulum enables us 
to employ it as a register, or keeper of time. A pendulum of 
invariable length, and in the same location, will always make 
the same number of oscillations in the same time. Thus, if 
we arrange it so that it will oscillate once in a second, sixty 
of these oscillations will mark the lapse of a minute, and 3,600 an hour. 

A common dock is^ therefore, merely an arrangement for 
mon*clocV?™' registering the number of oscillations which a pendulum 
makes, and at the same time of communicating to the penda* 
him, by means of a weight, an amount of motion sufficient to make up for 
what it is continually losmg by friction on its points of support, and by the 
resistance of the air. 

The wheels of the dock turn round by the action of the weight, but they 
are so connected with the pendulum, that with every double oscillation a tooth 
of the last wheel is allowed to pass. I^ now, this whed has thirty teeth, as 
IS common in clocks^ it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or &ce of a dock, with 
a hand fastened on it, this hand will be the second hand of the dock. The 
other wheels are so connected with the first, and the number of teeth so pro- 



&0W does this 
property of the 
pendulam en- 
able ns to reg- 
ister time? 
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portioned, that the second one turns sixty times slower than the flrst^ and 
this will be the minute hand ; a third wheel moving twelve times slower than 
the last will constitute the hour hand. 

How does a '^ watch differs from a dock in having a vibrating whed ui- 
wfttch diiiier Stead of a vibraHng penduktm. This wheel, called the haJlane^ 
from a dock? ^j^^ -^ moved by a spring, which is always forcing it to a 
middle position of rest, but does not fix it there, because the velocity ao- 
YiQ, 31. quireJ during its approach from 

P jj either sidt> to the middle position^ 

carries it just as far past on the 
other side, and the spring has to 
begin its woiic agt^n. The laJr 
ance-wheel at each vibration allows 
one tooth of the adjoining wheel to 
pass, as ihe pendulum does in a dock, and the record of the beats is pre- 
served by the wheels which follow, as already explained for the dock. 

Fig. 31 represents the arrangement used to keep up the motion in a vratoh. 
The barrel, or wheel A, indoses a spring, whid\, when compressed by vend- 
ing up, tends to liberate itself or unwind, in virtue of its elasticity. This 
effort to unwind, turns the barrd upon its axis, and thus, by means of a chain 
coOed round it, motion is communicated to the other wheels of the watdu 

•What infln- ^^*^' ^^^ length of a pendulum influences 
mce has the the time of its vibration ; the longer the pen- 
duiara on its dulum the slower are its vibrations, 
tionf ^ ra- ^^ reason why long pendulums vibrate more slowly than 

short ones is, that in corresponding arcs, or paths, the ball of 
the long pendulum has a greater journey to perform, without having a steeper 
line of descent 

What to the ^^®* ^^^® *^® * pendulum rod, Fig. 32, A D, having balls 

center of oscO. upon it at C and D, and cause it to vibrate, the ball, B, being 
d^SSi'?* '^^"^ nearer to the point of suspension, will tend to perform 

its oscillations more quickly than the ball C. In like 
manner, every other point on the pendulum rod tends to complete its ^ 
oscUlations in a different time ; but as they are all connected together 
inflexibly, all are compelled to perform their oscillations in the same 
time. But the action of the portions of the rod near to the ball, B, 
is to accelerate the motion of the pendulum, and the action of the b (J) 
portions of the rod near to the ball 0, is to retard it ; therefore a point 
may be found where all these counteractions will balance one an- 
other, or be neutralized, and this point is termed the Centeb op ^Os- 
cillation, and the sum of the momenta of all the portions of the ^ A 
rod on each side of this point will balance. The center of oscillation 
does not correspond with the center of gravity, but is always a little 
below it ; the practical method of bringing them near together, is to 
make the rod light, and the termination of the pendulum heavy. JL 
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How are the 
changes in the 
length of pen- 
dularas coun- 
teracted ? 



Fig. 33. 



whydodocki 119- As heat expands, and cold contracts 
5?ntl"thln L^ fl-U nietals, a pendulum rod is longer in warm 
•ummer? j-j^g^jj jjj ^qI^ wcathcr ; hence, clocks gain time 

in winter, and lose in the summer. 

As the smallest change in the length of a 
pendulum alters the rate of a clock, it is highly 
important, for the maintaining of uniform time, 
that the expansion and contraction of pendu- 
lums, caused by changes in temperature, 
should be counteracted. For this purpose various contriv- 
ances have been employed. The one most commonly em- 
ployed at the present time is the mercurial pendulum, which 
is constructed as follows : The pendulum rod, A B, Fig. 33, 
supports a glass jar, G H, containing mercury, inclosed in a TV-nrfgfen^ 
Bteel frame-work, P C D B. When the weather is warm, the 
Fig. 34. ^*®°^ ^^ ^^^ frame-work expand, and thus in- 
crease the length of the pendulum, and de- 
press the center of oscillation. But, at the 
same time, the mercury contained in the jar also 
expands, and rises upward; and thus, by a 
proper adjustment^ the center of oscillation is 
carried as &r upward in one direction, as down- 
ward in the opposite direction, or the expansion 
in •both directions is equal, and the vibrations ^' 
of the pendulum remain unaltered. Another form of pendu« 
lum, called the "gridiron pendulum," Fig. 34, is composed of 
rods of different metals, which expand unequally under the same 
changes of temperature, and, by counteraction, keep the length 
of the pendulum constant 

120. As the force of gravity determines how 
long the pendulum shall be in falling down its 
arc, and the time also of its rising in the op- 
posite direction (since the ball of the pendu- 
lum, as already stated, may be considered as a body de- 
scending by its weight on a slope), it follows, that the time 
of vibration of a pendulum wiU vary as the attraction of 
gravity varies. 

The same pendulum will vibrate more slowly at the equa* 
tor than at the poles, because the attraction of gravitation is 
less powerful at the equator. Therefore a pendulum to vi- 
brate once in a second, must be shorter at the equator than, 
at the poles. Corresponding results take place when a pen- 
dulum is carried to a mountain-top, away from the center of the earth, which 
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is the center of attraction, or when carried to the bottom of a mine, where 
it is attracted both bj matter above it and below it 

What la fhe 121. The length of a pendulum that will 
cSISf****pi5Sl describe sixty oscillations in a minute, each 
*""' oscillation having the duration of a second, 

is, in the latitude of Greenwich, England, 39.1393 inches 
in length ; one to vibrate in half seconds must measure 
17848, or rather more than 9| inches. 

At the pole it would require to be somewhat longer ;. at the equator somo- - 
what shorter. A pendulum that vibrated seconds at Paris, was found to re- 
quire lengthening .09 of an inch in order to perform its vibrations in the same 
time at Spitzbergen. 

How may fhe 122. The length of a pendulum vibrating 
o1^*^ndSl seconds being always invariable at the same 
iTrtJSda?? " place, since the attraction under the same 
measurer circumstanccs is always the same, it may be 
used as a standard of measure. 

This application has already been described under the section Weight (§ 67). 

The duration of the oscillation of a pendulum is not affected by altering the 
weight;^ of the ball, since all bodies moving over the same space, under the 
influence of gravitation, acquire equal velocities. 

Hoir do the 123. The lengths of different pendulums, 
dSSSS^ibSl vibrating in unequal times, are to each other 
^S^^^ir as the squares of the times of their viteatian. 

Thus a pendulum, to vibrate once in two seconds, must 
have four times the length of one that vibrates once in one second ; to vibrate 
once in three seconds, it must have nine times the length, etc. — the duration 
of the oscillation being as the whole numbers, 

1, 2, 3, 4, 5, 6, 7, 8, 9. 
The length of the pendulum will be as their squares. 

1, 4, 9, 16, 25, 36, 49. 64, 81. 
A pendulum, therefore, that will vibrate once in nine seconds, must have 
ft length of 81 timeB greater than one vibrating onoe in one second. 

PBACTICAL PROBLEMS ON THE THEORY OF FALLING 
BODIES. 

1. A stone let fall from the top of a tower struck the earth in two seconds ; how Ugh 
was the tower ? 

2. How far will a body acted upon by gravity alone, fall in ten seconds ? 

3. How deep Is a well, into which a stone being dropped, reaches the surface of the 
kter in two seconds, the depth of the water in the well being ten feet? 
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4, If a body be projected downward wifh ATelodtj of twenty-two feet in tbe flivt eefr- 
end of time, how far will it fall in eight seconds f 
The multiple in this ease will he the distance fallen through in the first second. 
6. What space will a body pass through in fhe fourth second of its time of falling? 

6. A body fklls to thegronnd in eight seconds; how large a space did it pass orer dur- 
ing the last second of its descent ? 

7. A body falls lh>m a height in eight seconds ; with what Telocity did it strike the 
ground? 

8. A cannon-ball fired upward, continued to riae for nine seoonds ; what was its yelodiy 
during the first second, or with what force was it prctJected? 

. 9. Suppose a bullet fired upward firom a gun returned to the earth in sixteen seconds ; 
how high did it ascend ? 

The lime occupied in ascending and descending being equal, the body rose to such a 
height tliatit required eight seoonds to descend from it The square of 8=64. This 
multiplied by the space it would fall in the first second, 16 feet = 924 feet 

10. A bird was shot while flying in the air, and fell to the ground in three seconds. 
How high up was the bird when it was shot ? 

U. What must be the length of a pendulum to vibrate once in seven seoonds ? 

12, If the length of a pendulum to vibrate seoonds at Washington is 39.101 inches, how 
long must it be to vibrate half seconds ? How long to vibrate quarter seconds ? 



CHAPTER V. 

MOTION. 



What is Mo- 124. Motion is the act of changing place. 

tfon? If no motion existed, the tmiverae would be dead. There 

would be no alternation of the seasons, and of day and night ; no flow of 
water, or change of air ; no sound, light, beat, or animal e^stence. 

125. Motion is Absolute or Relative. 
solute and Reil ABSOLUTE MoTiON is a change of position in 

atlve Motion? ., , -j.i . i* x 

space, considered without reterence to any 
other body. Relative Motion is motion considered in 
relation to some other body, which is either in motion or 
at rest. 

Thus the motions of the planets in space are examples of Absolute Motion, 
but the motion of a man sitting upon the deck of a vessel, while sailing, is 
an example of Relative Motion, since he is m motion as respects the land, 
but at rest as regards the parts of the vessel. Best, which is the opposite 
of motion, so far as we know, exists only relatively. We say a body on the 
surface of the earth is at rest, when it maintains a constant position as re>^. 
gards some other body ; but at the same time that it is thus at rest, it partakes * - 
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of the motion of the earth, which is always revolving. We do not, therefore, 
really know any body to be in a state of absolute rest 

Define uni- 126. A moving body may have a Uniform 
rtSe Motila or a Variable Motion. Uniform Motion is 
the motion of a body moving over equal 
spaces in equal times. Yabiablb Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

What to Ac ^ 127. When the spaces passed over in equal 
SSdSd if^ times increase, the body is said to possess Ac- 
"°"^ cblbrated Motion ; when they diminish, the 

body is said to possess Betabdeb Motion. 

A stone foiling through the air is an example of Accelerated Motion, sinee, 
acted upon by the force of gravity, its rate of motion constantly increases; 
while the ascent of a stone projected from the hand, is an example of Re- 
tarded Motion, its upward motion continually decreasing. 

wh»t is Power 128. When a body commences to move from 
Slf **^*' a state of rest, we assign some force as, the 
cause of its motion ; and a force acting in such 
a manner -as to produce motion, is generally termed 
" Power.'' On the contrary, a force acting in such a way 
as to retard a moving body, destroy its motion, or drive 
it in a contrary direction, is termed Besistanoe. The 
chief forces which tend to retard or destroy the motion of 
a body are Gravitation, Friction, and Resistance of 
THE Air. 

What u ve- 129. The speed, or rate, at which a body 
lod^? moves, is termed its Velocity. 

Moving bodies pass oyer their paths with different degrees of speed ; one 
may pass through ten feet m a second of time, and another through a hun* 
dred feet in the same period. We say, therefore, that they have different 
velocities. 

The velocity of a moving body is estimated by the time it occupies lA 
moving over a given space, or by the space passed over in a given Ume. Tho 
less the time and the greater the space moved over in that time, the greater 
the vekxaly. 

Hov do ire 130. To ascertain the Velocity of a mov- 
vS^y of^J ing body, divide the space passed over by the 
moving iwdyf ^jjj^g cousumed iu moving over it. 
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Thus, if a body movee 10 miles in 2 hours, its velocity is foond by di- 
viding the space, 10, by the time, 2 ; the answer, 6, gives the velocity per 
hour. 

How oan we 131. To ascertain the Space passed over by 
J^**^p^S a moving body, multiply the velocity by the 

In motion f Ume. 

Thus, if the velocity be 10 miles per hour, and the time 15 
hours, the space will be 10 multiplied by 15, or 150 miles. 

How is the 132. To ascertain the Time employed by a 

b™l ^*dy *ta ^^y i^ motion, divide the space -passed over 

motfonaacer. by the VClocity. 

Thus, if the space passed over be 150 miles, and the ve- 
locity 10 miles per hour, the whole time employed will be 160 divided by 
10=15 hours. 

What is Mo- 133. The Momentum of a body is its quan- 
mentum? ^^j ^f motioD. Momentum expresses the 
force vdth which one body in motion would strike against 
» another. 

That a mass of matter moving in any manner exerts a cer- 
^M^ieniMm!*' tain force against any object with wliich it may come in con- 
tact, is a principle of Natural Philosophy which experience 
teachea us most frequently and most readily. The child has hardly emerged 
from the nurse's arms, before it becomes conscious of the force with which 
it would strike the ground if it fell We take advantage of momentum, or 
the force of a moving body, in almost all mechanical operation& The mov- 
ing mass of a hammer-head drives or forces in the nail, shapes tlie iron, breaks 
the -stone ; the force of a moving mass of water gives strength to a torrent 
and turns the wheel ; the force of a moving mass of air gives strength to the 
wind, carries the ship over the ocean, forces round the arms of a wind-mill. 

i8 motion im- 134. Whcu a body is caused to move, the 
thI*^Vrtictei motion is not iiJfparted simultaneously to 
toe*8^t^iS* every particle of the body, but at first only to 
"*»°t^ the particles which are directly exposed to the 

influence of the force — ^for instance, of a blow. From 
these particles, it spreads, to the rest. 

A slight blow is sufficient to smash a whole pane of glass, 
illustrate this while a bullet from a gun will only make a small round hole 
^*®*' in it, because, in the latter case, the particles of glass that re- 

ceive the blow are torn away from the remainder with such rapidity, that the 
motion imparted to them has no time to spread further. A door standing open, 
which would readily yield on its hinges to a gentle push, is not moved by a 
cannon-ball passing throi^h it. The ball, in passing through, overcomes tha 
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whole force of cohedon among the atoms of wood, but its force acts for so 
short a time, owing to its rapid passage, that it is not sufficient to affect the 
inertia of the door to an extent to produce motion. The cohesion of the part 
of the wood cut out by the ball would have borne a yeiy great weight laid 
quietly upon it ; but supposuig the ball to fly at the rate of 1200 feet in a 
second, and the door to be one inch thick, the cohesion being allowed to act 
for only the minute fiaction of a second, its influence is not perceived. 

It is an effect of this same principle, that the iron head of a hammer may be 
driven down on its wooden handle, by striking the opposite ^d of the 
haodle against any hard substance with force and speed. In this very simple 
operation, the motion is propagated so suddenly through the wood of the han- 
dle^ that it is over before it can reach the iron head, which therefore, by its 
own inertia, sinks lower on the handle at every blow, which drives the han« 
die up. 

HowistfieMo- 135. The Momentum, or force, which a mov- 
£)dT"c^- ^°8 ^ody exerts, is estimated by multiplying 
^*«*' its mass or quantity of matter by its velocity. 

Thus, a body wdghing 10 pounds, and moving with a velocity of 500 feet 
in a second, will have a momentum of (10X500) 5,000. 

whst eoimee. ^^' ^^® vclocity being the same, the mo- 
SSSrwn *^S* i^®^t^ni, or moving force of a body, will bo 
fbS^Sd i*^ directly proportionate to the mass, or weight ; 
wd^tandve- and the mass or weight remaining the same, 
the momentum will be directly proportionate 
to the velocity. 

Thus, if 2 leaden balls, each of 5 pounds* weight, move with a velocity of 
6 miles per minute, the momentum, or striking force of each, will be 25 ; 
if now the two balls, molded into one of 10 pounds* weight, move with the' 
same velocity of 6 miles per minute, the momentum, or striking force, will 
be 50, ranee .with the same velocity the mass, or weighty will be doubled. I^ 
on the contrary, we doul^e the velodfy, allowing the weight to remain the 
same, tl.e same effect will be produced ; a ball of 5 pounds, with a velocity 
of 5, will have a momentum, or striking force, of 25 ; but a ball of 5, with a 
velocity of 10, vnll have a momentum of 50. 

How can a 137. A Small, or Kght body, may be made 

u^^mide ^ strike with a greater force than a heavier 

iLlfo^Ml l^dy, by giving to the small body a sufficient 

laigeoM? velocity. 

Illustrations of these principles are most familiar. Hail-stones^ of small 
mass and great velocity, strike with sufficient force to break glass, and de- 
stroy standing grain ; a ship of huge mass, moving with a scarcely percept- 
ible velocity, cnudies in the side of the pier with which it comes in contact 
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SECTION I. 

ACTION AND BEAOTION. 

^ ,. ' 138. When a body communicates motion 

by Action and to another body, it loses as much of its own 

momentum, or force, as it gives to the other 
body. We apply the term Action to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Reaction to express the 
power which the body acted upon has of depriving the 
acting body of its force, or motion. 

What is the 139. There is no motion, or action, in the 
SftiiniSdE^- universe without a corresponding and oppo- 
action ? gj^g action of equal amount ; or, in other words. 

Action and Reaction are always equal and opposed to 
each other. 

What are n- ^ * person presses the table with his finger, he feels a re- 
lustrations of sistanoe arising from the reaction of the table, and this coon- 
action?*"**^ ter-ppessure is equal and contrary to the downward pressure. 

When a cannon or gun is fired, the explosion of the powder 
which gives a forward motion to the ball, gives at the same time a backward 
motion, or " recoil," to the gun. A man in rowing a boat, drives the water 
astern with the same force that he impels the boat forward. 
To what Is the l^O' '^^^ quantity of motion in a body is 
SIJtion*^in' a Dieasured by the velocity and the quantity of 
tioSte?'"'^'*'' matter it contains. 

A cannon-ball of a thousand ounces, moving one fixrt per 
second, has the same quantity of motion in it as a musket-ball of one ounce, 
leaving the gun with a velocity of a thousand feet per second. The momen- 
tum, or quantity of motion, in the musket-ball being, however, concentrated 
in a very small mass, the effect it will produce will be apparently much 
greater than that of the cannon-ball, whose motion is dififused through a veiy 
large mass. This explanation will enable us to understand some phenomena 
which at first appear to contradict the law, that action and reaction are always 
equal, and opposed to each other. 

Thus, when we fire a bullet from a gun, the gun recoils back with as much 
force as the bullet possesses, proceeding in an opposite direction. The reason 
the effects of the gun are not equally apparent with those of the ball, is that 
the motion of the gun is difi^ised through a great mass of matter, with a 
imaU velocity, and is, therefore, easily checked ; but in the ball the motion 
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is oQQoentrated in a yery small compass, with a great velocity. A gun recoils 
more with a charge of &ie shot, or sand, than with a bullet The explanation 
of this is, that with a ball the velocity is communicated to the whole mass 
<U once, but with small shot, or sand, the velocity communicated by the ez< 
plosion to those ptirUdes of the mibsianceimmediatdy in cofUaetwUh thepoufder^ 
is greater than that received at the same instant by the outer partiGies; con- 
sequently, a larger jvoportion of explosive force acts momentarily in an oppo- 
site directioiL 

Fia. 36. 



\ 




We have an illustration of this same principle, when we attempt to drive a 
nail into a board having no support behind it^ or not sufficiently thick to offer 
the necessary resistance to the moving force of the hammer, as is repre- 
sented in Fig. 36. The blows of the hammer will cause the board to unduly 
yield, and if strong enough, will break it, but will not drive in the nail. The 
object is attained by applying behind the board, as in £1g. 36, a block of wood, 

Fia. 36. 
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or metal, againat which the blows of the hammer will be directed. "By 
adopting this plan, howeyer, no increased resistance is opposed to the blows 
of the hanmier, the momentuoi, or moying force of which is eqnaUy imparted 
in both cases ; but in the first case, the momentum is receiyed by the board 
alone, which, having little weight, is driven by it through so great a qMce 
as to produce considerable flexure, or even fracture ; but in the second case, 
the same momentum being shared between the board and the block behind it, 
will produce a flexure of the board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board done. 
The same principle serves to explain a trick sometimes exhibited in 
feats of strength, where a man in a horizontal portion, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is^then struck by sledge-hammers. The reason the exhibitor sustains no 
injury from- the blows, is that the momentum of the sledge is distributed 
equally through the great mass of the anvil, and gives to the anvil a down- 
ward motion, just as much less than the motion of the sledge, as the mass of 
the sledge is less than the mass of the anvil Thus, if the weight of the an- 
vil be 100 times greater than the weight of the sledge, its downward motion 
upon the body of the exhibitor will be 100 times less than the motion with 
which the sledge strikes it, and the body of the exhibitor easily yielding to 
so slight a movement, and also resisting it by means of the elasticity of the 
body, derived from its peculiar position, escapes without injury. 

men te the 141. When two bodies come in contact, the 
SSS'^B^d to collision is said to be direct, when a right line 
bedireoi? passing through their centers of gravity passes 
also through the point of contact. 

The center of gravity in such cases corresponds with the center of col- 
lision; and if such a center come against an obstacle, the whole momentum 
of the body acts there, and is destroyed ; but if any other part hit, the body 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two in- 142. When two non-elastic bodies, moving 
w^lnto*^^ in opposite directions, come into direct collision, 
Mon,irhatoc ^j^^y ^jjj ^^jj jpg^ g^^ equal amount of mo- 
mentum. 
Hence, the momentum of both after contact, will be equal to the diffferenoe 
of the momenta of the two before contact, and the velocity after contact will 
be equal to the difference of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Let the quantity of matter in B be 4, its velocity 
3 ; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, will be the difference of the two momenta, or 12 ; and the velocity of 
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Fig. 37. 



1^6 mass will be its momentum divided by the quantity of matter, or 12 di- 
vided by 6, which is 2.* 

If two non-elastic bodies, as A and B, Fig. 37, be suspended from a fixed 
point, and the one be raised toward Y, and the other toward X, an equal 
amount, they will acquire an equal force, or momentum, m &Uing down the 
Explain the re- ^' provided their masses are equal ; 
•nlteof theeoi- and will by contact destroy each 

tiJfcSdLr***' ^^'^ ^^^^^^ »°d come to rest. 
If their momenta are unequal, they 
wiO, after contact move on together, in the direction 
of the body having the largest quantity of motion 
with a momentum equal to the difference of the 
momenta of the two before collision. 

143. The force of the 
shock produced by two x 
equal bodies coming in P^^^^:^>*-^ 
contact with equal velocity, ' *"*" 
will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two will sustain as much shock from reaction as from ac- 
tion. 

If a person running, come in contact with another who is 
standing, both receive a certain shock. If both be running 
at the same rate in opposite directions, the shock is doubled. 



To what will 
the shock of 
eolli^noftwo 
bodies coming 
io contact be 
equivalent? 



Illastrete this 
principle. 



Fig. 38. 



In combats of pugilists, the most severe blows are 
those stradc by fist agamst fist, for the force sustained 
by each in such cases, is equal to the sum of the 
forces exerted by the two arms. If two ships, mov* 
mg in contrary directions at the rate of 20 miles per 
hour, come in collision, the shock will be the same aa 
if one of them, being at rest, were struck by the 
other, moving at 40 miles per hour. 

144. If we suspend two balls of 

some nott>^lastic substance, as clay or 

putty, by strings, so that they can 

move freely, and allow one of the 

balls to &11 upon the other at rest, it will communicate to 
it a part of its motion, and both baUs, after collision, will move on together. 

* This whole snl^ect, nsually considered dry and uninteresting, will be found to possess 
a new interest, if the student will make himself a few simple experiments, by suspending 
leaden balls by the side of a graduated are, as in Fig. 37, and allow them to fall under 
diiferent conditions. The length of the are through which they fall wiU b« foand to be 
•a exact measors of the force with which they will strika 



If one inelastic 
body comes in 
contact with 
another at rest, 
what occurs r 
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The quantity of motion will remain unchanged, the one having gained as 
much as the other has lost ; so that tlie two, if equal, will have half the ve- 
locity after collision that the moving one had when alone. Fig. 38 represents 
two balls of clay, E and D, non-elastic, of equal-weight, suspended by stringSL 
If the ball D be raised and let fall against the ball £, a part of its motion will 
be communicated to E, and both together will move on to e d 
When two l^^. If we suspend two balls, A and B, Fig. 39, of some 

clastic bodies elastic substance, ae ivory, and allow them to fall with equal 
come into col- , ,.. -, . ^ ,^ , 

lision,whatoo- masses and velocities from the pomts X and Y on the arc; 

*""^ they will not come to rest after collision, but will recede 



Fig. 39. 



What oeca- 
Biona the dif- 
ference in the 
results of the 
collision of 
elastic and non- 
elastic bodies? 



fiom each other with the same velocity which each 
had before contact 

The reason of this movement in 
highly elastic bodies, contrary to 
what takes place in n6n-elastic 
bodies, is this: the elastic sub- 
stances are compressed by the force 
of the shock, but instantly recover- 
ing their former shape in virtue of their elasticity, 
they spring back, as it were, and react, each giving 
to the other an impulse equal to the force which 
caused its compression. 

Suppose the ball A, however, to strike upon the 
ball B at rest ; then, after impact, A will remain at 

rest, but B will move on with the same velocity as A had at the moment of 
contact In this case the re&ction of elasticity causes the ball A to stop, and 
the ball B to move forward with the motion which A had at the instant of 
contact 



FiO. 40. 
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The same fact may be illustrated 
by suspending a number of elastic 
balls of equal weight, as represented 
in Fig. 40. If the ball H be drawn 
out a certain distance, and let fall 
upon G, the next in order, it will 
communicate its motion to G, and 
receive a reaction from it, which will 
destroy its own motion. But the 
ball B can not move without moving 
F; it will, therefore, communicate 



the motion it received from G to F, and receive from F a reaction which will 
stop its motion. In like manner, the motion and reaction are received by each 
of the balls E, D, C, B, A, until the last ball, ^ is reached ; but there bemg 
no ball beyond K to act upon it, E will fly off as &r from A, as H was 
drawn apart from G. 
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SECTION II. 



What is Be- 
fiectedModonf 



BBFLEOTBP HOTIOK. 

146. When any elastic body, as an ivory 
bally is thrown against a hard smooth surface, 

Ine reaction wiU canse it to rebound from such surface, 
and the motion it receives is called Reflected Motion*. 

147. If the ball be projected perpendicu- 



In -whaX i 

^▼ing*bod? larly, it will rebound in the same direction ; 
iw reflected? jf [^ y^Q projected obliquely, it will rebound 
obliquely in an opposite direction, making the angle of 
incidence equal to the angle of reflection. 

148. The Angle of Incidence is the angle 
formed by the line of incidence with a perpen- 
dicular to any given surface. 

149. The Angle of Reflection is the 
angle formed by the line of reflection with a 
perpendicular to any given surface. 



What is the 
Ani^ of Inelp 



What jJB the 
Angle of Be- 
flectkmr 




YiQ. 41. Thus, in Fig. 41| let B £ be a smooth, flat 

surfece. If the ball, A, be projected, or thrown 
Y upon this surface, in the direction A C, it will 
rebound, or be reflected, in the direction C F. 
In this case, the line A C is the line of inci- 
dence, and the angle A C D, which it makes 
with a perpendicular D C, is the angle of ind- 
dencck In like manner the line G F is the line 
of reflection, and the angle D G F the angle of 
reflectaon. If the ball be projected against the sur&ce, B 0, in the direction 
D 0, perpendicular to the sur&oe^ it will be reflected, or rebound back in the 
same straight line. 

150. The Angles of Incidence and Kk- 
FLECTiON are always equal to one another. 

Thus, in Fig. 41, the angles A G D and F C D are equal. 

161. An Angle is simply the inclination of 
the lines which meet each other in a point. 
The* size of the angle depends upon the open- 
ing, or inclination, of the lines, and not upon their length. 



What propor- 
tion exists be- 
tween the an- 
ises of incidence 
•nd reflection f 

What is an 
Ang^ and up- 
on what does 
Its dze depend? 
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In what con- The skill of the player of billiards and bagatelle depends 
of the Game of upon his dexterous application of the pnnciples of incident 
Billiards? ^nd reflected motion, which he has learned by long-continued 

experience, viz., that the angle of incidence is always equal to the angle 
of reflection, and that action and reaction are equal and contrary. An illus- 
tration of the skillful reflection of billiard balls is given in Fig. 42, which rep- 
resents the top of a billiard-table. The ball, P, when struck by the stk^, Q, 

Pig. 42. • 




is first directed in the Ime P 0, upon the ball P', in such a manner, that being 
reflected from it, it strikes the four sides of the table successively, at the points 
marked 0, and is finally reflected so as to strike the third ball, P^'. At each 
of the reflections from the ball P', and the four points on the side of the tablei, 
the angliB of incidence is exactly equal to the angle of reflection. 

152. Imperfectly elastic Ixxiies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of a sud- 
den one. 

Hence a feather-bed, or a sack of wool, will stop a bullet much more ef- 
fectually than a plate of iron, firom its deadening^ as it is popularly called, the 
force of the blow. 



why art 
perfeofcly elas- 
tic bodies pecu- 
lUrlj fitted to 
oppose and de- 
stroy momea- 
tum? 



SECTION III. 
COMPOUND MOTION. 



What is Sim- 
ple Motion ? 



153. A body acted upon by a single force, 
moves in a straight line, and in the direction 
of that force. Such motion is designated as Simplb Mo- 
tion. 
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niustpate Sim- ^ *^^ floating upon the water is driven exactly south by 
pie Motion. a wind blowing south. A ball fired from a cannon takes the 
exact direction of the bore of the cannon, or of the force 
which impels it 

What is Com- 154. When a body is acted upon by two 
pound Motioa? foj^^^g ^^ ^Yie samc time, and in different di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 

What is the ^^^- ^^^ ^^^^^ 1^ ^hich a body, acted 
KSylcted^,; "P^'^ ^y *^^ ^^ ^^^ *<^rces, acting in different 
(orJLaJS^f' directions, will move, is called the Eesultant, 
or the Eesulting Directiop. 
Fia. 43. I^ ^ig- 43, if a body, A, be acted upon 

at the same time by two forces, one of 
which would cause it to move in the di- 
rection A Y, over the space A B, in one 
second of time, and the other cause it to 
move in the direction A X, over the space 
A C, in one second j then the two forces, 
acting upon it at the same instant, will 
cause it to move in a Resultant Direction, 
A D, in one second. This direction is the 
diagonal of a parallelogram, which has for its sides the Unes A B, A C, over 
which the body would move if acted upon by each of the forces separately. 
What are fa- ^^^' The operations of eveiy-day life afford numerous exam- 
miiiar Exam- ples of Resultant Motion. If we attempt to row a boat across 
SLfMo^T^*" ^ ^^P^^ ^^®^' *^® ^°** ^"^ ^® subjected to action of two forces ; 
viz., the action of the oars, which tend to drive it across the 
river In a certain time, as ten minutes, in a straight line, as from A to B, Fig. 
43, and the action of the current, which tends to carry it down the stream a 
certain distance in the same time, as from A to C. It will, therefore, under 
the influence of both these forces, move diagonally across the river, or in the 
direction A D, and arrive at D at the expiration of the ten minutes. Wheu 
we throw a body from the deck of a boat in motion, or from a railroadcai^ 
the body partakes of the motion of the boat or the car, and does not strike ai 
the pomt intended, but is carried some distance beyond it For the same rea* 
son, in firing a rifle from the deck of a vessel moving rapidly, at some object 
at rest upon the bank, allowance must be made for the motion of the vessel, 
and aim directed behind the object 

What is the ^^'^' ^^^ principles of the composition and 

ficuMiceofPro' resolutiou of different forces acting upon a 

body to produce motion, constitute the basis 




74 



WELLS»S NATURAL PHILOSOPHY. 



EiQ. 44. 



of the Science of Projectiles, or that department of 
Natural Philosophy which considers the motion of bodies, 
thrown or driven by an impelling force above the surface 
of the earth. 

VThatiBaPro- l^^. A Projectilb is a body thrown into 
jectiie? ^i^Q air in any direction ; as a stone from the 
Land, or a ball from a gun, or cannon. 

If we project a body perpendicularly downward, or upward, 
rection of a it will move in a perpendicular line with a uniform accelerated 
^y .*J*^^"* or retarded motion, since the force of gravity and that of pro- 
jection are in the same line of direction. But ifa body is 
thrown in a direction oblique to the |)erpendicular, it is acted upon by two 
forces,* the projectile force which tends to impel it forward in a straight' line, 
and the force of gravity, which tends to bring it to the earth. Instead, there- 
fore, of following the direction of the projectile force, the path of the body 
will be a curve, the resultant of the two forces. Such a curve is called a 
Pa&abola. 

If a cannon-ball is fired from A to- 
ward B, Fig. 44, in an upward direction, 
instead of moving along the line A B, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line which is in- 
dicated by the parabolic curve A C; 
and although it has been moving on- 
ward from the impulse it has received 
fix)m the force of the gunpowder, it oc- 
cupies exactly the same time in falling 
to the point C, as if the ball had been allowed to drop from the hand at A, 
and fall to D. 

159. If a ball be projected from the mouth 
of a cannon in a horizontal direction, it will 
reach the earth in precisely the same time as 
a ball dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished by the force 
of projection. 

The same fact may be strikingly illustrated by placing a number of marbles 
at unequal distances fix>m the edge of a table and sweeping them off with a 
ruler, or stick : those which are rolled along the farthest will be projected the 
farthest; yet all will strike the floor at the same time. 

* The theoretical lairs goyernlng the motion of projectUes, as herewith giyen, ara 1» 
pr^otioe eascpitially piodified by the resistance of the air. 
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Fio. 45. Suppose from the point A, Fig. 45, about 240 feet 

above the earth, a bsdl to be projected in a perfectly 
horizontal line, A B ; instead of traversing this line, 
it would, at the end of the first second, be found 
that the ball had fallen 15 feet, at the same time it 
had moved onward in the direction of B. Its true 
position would be, therefore, at a; at the end of the 
second second, it would have passed onward, but 
have fallen to &, 60 feet below the horizontal line; 
and at the end of the third second, it would hav% 
&llen 135 feet below the line, and be at c; and thus 
.it would move forward and reach the earth at d 240 feet, in precisely the same 
time it would have occupied in falling from A to 0. 

An oblique, or horizontal jet of water, is an j^jq, 46, 

instance of the curve described by a body act- 
ed upon by gravity and the force of projection. 
See Fig. 46. 

160. The Kangb of 
a projectile, is the 
horizontal distance to 
which it can be thrown. 

H<nreanthe ^^l. AcCOrding tO 

greatest when the angle 
of elevation is 45° ; and is the same for elevations equally 
above and below 45° ; as for example 70° and 20°. See 
Fig. 47. 

These conclusioDS are, however, found to 
be essentially modified in practice by the ^^o. 4Y. 

lefinstanceof the air, which not only changes 
the path but the velocity of the projectile. 
With grreat velocities, as in the case of a 
cannon-ball, the greatest range corres- 
ponds with an elevation of about 30^, but 
lor slow motions it is near 45^. 

162. The laws of 
projectiles are es- 
pecially regarded in i 
the art of gunnery. 
By knowing the force of the powder which drives the ball, 
the engineer is enabled to direct the cannon, or mortar, 
in such a manner as to cause the ball^ or bomb, to fall 
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upon a particular spot in the distance ; thus producing a 
desired effect without a wasteful expenditure of ammuni- 
tion. 

Fig. 48. 



':?e^''^^-- 




Fig. 48 represents a bombardment, and the three lines indicate the cunres 
made by the balls. If the bombardment had been conducted from an eleva- 
tion, instead of the level surfece, the balls would have gone beyond the city, 
as shown by the familiar &ct, that we can throw a heavy body to a greater 
distance from an elevation, as the steep bank of a river, than on a plam, or 
level ground. It was on this principle that Napoleon bombarded Cadiz, at the 
distance of five miles, and from a greater elevation, the balls could have been 
thrown to a still greater distanca* 

* The following Ucta respecting the explosive force of gunpotrder, and its application to 
projectiles, will be found interesting and instructive in this connection. The estimated 
force of gunpowder when exploded, is at least 14,750 pounds upon every square inch of 
the surface which confines it Count Rumford showed, by liis e:q;>eriment8 made about 
80 years ago, that if the powder were placed in a dose cavity, and the cavity two thirds 
filled, its dimensions being at the same time restricted, the force of explosion would ex- 
ceed 160,000 pounds upon the square inch. 

The force of gunpowder depends upon the fact, that when brought in contact with any 
Ignited substance, it explodes with great violence. A vast quantity of pas, or eUuUefiuidf 
is emitted, the midden production of which, at a high temperature, is the cause of the 
violent effects which are produced. 

The reason that gunpowder is manufactured in little grains, is that it may explode more 
quickly, by facilitating the passage of the flame among the particles. In the form of dust, 
the particles would be too compact. 

The velocity of balls impelled by gunpowder from a musket with a common charge, hat 
been estimated at about 1,650 feet in a second of time, when first discharged. The utmost 
velocity that can be given to a cannon-ball is 2,000 feet per second, and this only at th« 
moment of its leaving the gun. 

In order to increase the velocity from 1,650 to 2,000 feet, one half more powder is re* 
quired ; and even then, at a long shot, no advantage is gained, since, at the distance of 
500 yards, the grea.^<^t velocity that can be obtained is only 1,200 or 1,300 feet per second. 
Great charges of powd&. '\re, therefore, not only useless, but dangerous ; for, though they 
give little additional force to 'he ball, they hazard the lives of many by their liability to 
burst the gun. The velocity is greater with long than with short guns, because the infla- 
ence of the powder upon the ball is longer continued. 

The essential properties of a gun are to confine the elastic fiuid generated by the explo* 
■Ion of the powder as completely as possible, and to direct the cwiree of the bott in a 
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According to the laws which govern the motion of project- 
^^l?^ed ^^ ^* '^ evident that f gun must he aimed, in order to hit 
to hit an Ob- an object, in a direction above that of the object, more or less, 
luSaicef *'^*** according to the distance of the object and the force of the 
charge. With an aim directed, as in Fig. 49, at the object^ 
the ball, moving in a curved path, must necessarily fall below it 

Btralgbt, or rectilinear patb. A rifle sends a bail more aoeorately than a moaket, beeaoao 
the ball la in more accnrate contact with the sides of Uie barrel than in the case of a com- 
mon musket The apace produced by the difference cf diameter between the baU and the 
bore of the gutiy greatly diminishes the effect of the powder, bf allowing a part of the 
•lastic fluid to escape before the ball, and also permits the ball to deviate trma a straight 
line. The pecaiiarity and superiority of the new rifle, oalled the " Mlnl6 rifle,** is to be 
found in the conatrnction of the ball, which, by the act of firing, is made to fit completely 
the barrel, or bore, of the guo. This is accomplished by making the ball of an oblong 
shape and a conical point, with an opening in the base extending up for two thirds the 
length of the balL Into the opanlng of this internal cylinder there Is placed a small eoiu 
eame aecHon mf inm, which the powder, at the moment of firing, foreee into the Imdetk 
UM with great power, spreading it open, and causing it to fit tightly to the cavity of the 
barrel in its course out, thus giving it a perfect direction. 

Gannon of diflSerent rizes are named according to the weight of the ball which they are 
capable of discharging: Thus, we have 68-pounderB, 24-pounders, IS-ponnders, and the 
Bghter field-pieces, l^m 4 to 12.poandeTs. The quantity of powder generally used for 
discharging cootmon iron or brass cannon, is one third the weight of the balL In gen- 
eral warfare, the effective distance at which artillery can be used is from 600 to 600 yards, 
or f^om a quarter to JiaJf a wile. At the battle of Waterloo, the brigades of artillery were 
stationed about half a mile from each other. Cannon-balls and shells can be thrown 
with effect to the distance of a mile and a half to two miles. 

The distance to which a ball may be thrown by a 24-pounder, with a quantity of powder 
equal to two thirds the weight of Uie ball, is about four miles. Its efliective range is, how- 
ever, mnch less. Were the reristanoe of the air entirely removed, the same ball would 
be thrown to abont five times that distance, or twenty milesi 

It has been found that, by the firing of an 18-pound shot Into a butt, or target, made of 
beams of oak, when the charges were pounde cf powdery 8 jNmnds, Sijpettnds, and 1 
pound, the respective depths of the penetration were 48 inehea, 80 incAes, 88 inchee, and 
16 inches; and the velocities at which the balls flew, were 1,600 /set in a second, 1,140 
feet, 1,084/eet, and OB feet. 

When the cannon Is so pointed that the ball goes perfectly straight toward the ol^ecl 
ahned at, the direction is said to be point-blank. Bicochet firing Is when the ball is dis- 
charged in such a manner that it goes bounding and skipping along the surface of the 
ground. In this way a ball can be thrown more effectively, and for a greater distance, 
than in any other way. 

There are several substances known to chemists which possess ft greater explosive 
power than gunpowder. It has not, however, been considered possible to increase the 
range and effect of a projectile fired fh)m a gun, or cannon, by using any of them. Sup- 
posing that the guns conld be made indefinitely strong, and the gunpowder indefinitely 
powerfU, the point would soon be reached where the resistance which the air opposes to 
• bddy moving very rapidly would balance the force derived from the explosive compound, 
whieh drives the projeetUe forward. Beyond this point no increase of Impnlrive force 
would urge the projectile farther ; and this limit Is considerably within the range of 
power that can be exercised by common gunpowder. Beside this, the strength of mate- 
rials of which guns are made is limited. Practical experience has fully demonstrated that 
the largest piece of ordnance which can be cast perfect, sound, and free from flaws, is a 
mortar 13 inches diameter; and even this weighs five tons. The French, at the siege of 
Antwerp, constructed a mortar having a bore of no leas than 80 inches diameter, but it 
taut ott the ninth time of firing. 
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Fi(J. 49. 




Until quite recently, the muskets placed in the hands of soldiers were usu- 
ally aimed so that the line of sight was parallel to the barrel, and directed ix> 
the object, as in Fig 49. So long as the range of the musket was of limited 
extent, and great precision was not expected, the deviation of the ball from 
a straight line waa not taken into account; but with the introduction of rifles 
throwing a ball to a great distance, the drop of the ball occasioned by the 
curvature of the path of the projectile, was found to deprive the weapon of 
the necessary precision. On all modem guns, therefore, a double sight is 
provided, by which the elevation necessary to secure accurate aim can always 
be given to the barrel This is exhibited in Fig. 50, where one of the sights, 
B, is fixed, in the usual manner, at one extremity of the barrel, while the 
other is located nearer the breach. This last sight is often graduated and 
provided with an adjustment, by which it can be adapted to objects at di^ 
ferent distances, so as to hit them exactly. 

Fig. 50. 




What is cir- 1^3. CIRCULAR MoTiON is the motion pro- 

cuiar Motioa? ^jj^qq^ fcy* the revolutioii of a body about a 

central point. 

„ . ^, 164. Circular Motion is a species of corn- 

How Is GircQ- _ . "Ill . •■ 

urMotionpro- pound motiou, and IS caused by the continued 
• operation of two forces ; — one the force of 
projection, which gives the body motion, tends to cause 
it to move in a straight line ; while the other is continually 
deflecting it from a straight course toward a fixed point. 

niastrate the '^^^^ ^^ ^ illustrated by the common sling, or by swinging 
production of a heavy body attached to a string round the head. The body, 
Circular Mo- ^ ^j^jg ^^^^ ^Q^^g tj^rough the influence of two forces, the 
force of projection, and the string which confines it to the 
hand. These two forces act at right angles to one another, and according to 
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"Bow may fhe 
eanre of a cir- 
cle be consid- 
&nA as equira- 
lent to the 
dii^onal of a 
paralletogram ? 



What are the 
tw& forces 
which produce 
Circular Mo- 
tion called t 



«he Statements already made (§ 165), the path of the moving body will be a 
resultant of the two forces, or the diagonal of a parallelogram. 

How then, it may be asked, does the body attached to the 
string and whirled round the head, move in a circle ? This 
will be clear, if we consider tnat a circle is made of an in- 
finite number of little straight hues (diagonals of parallelo- 
grams) and that the body moving m it, has its motion bent 
at every step of its progress by the action of the force which 
confines it to the hand This force, however, only keeps it within a certain 
distance, without drawing it nearer to the hand. The two forces exactl/ 
balancing each other, the course of the whirling body will be circular. 

165. The two forces by which circular mo- 
tion is produced, are called the Cbktrifugal* 
and Centripetal Forces.f 

166. The Centrifugal Force is that force 
S^^*F^"? which impels a body moving in a curve to 

move outward, or fly off from a center. 

167. The Centripetal Force is that force 
tripetai Force? which draws a body moving in a curve toward 
the center, and assists it to move in a bent, or curvelinear 
course. In Circular Motion the Centrifugal and Centri- 
petal Forces are equal, and constantly balance each other. 

If the Centriftigal Force of a body revolving in a circhlar 
path be destroyed, the body will immediately approach the 
center ; but if the Centripetal Force be destroyed, the body 
will fly off in a strsdght line, called a tangent 
Thus, in whu'ling a ball attached by a string to the fin- 
gOT, the propelling force, or the force of projection, is given by the hand, and 
Fio. 61. ^^ Centripetal Force is exhibited in the stretching, or 

tension of the string. If the string breaks in whirling, 
the Centripetal Force no longer acts, and the ball, by 
the action of the Centrifugal Force, generated by the 
whirling motion, flies off in a tangent, or straight line, 
as is represented in Pig. 51. If, on the contrary, the 
whirling motion is too slow, the Centripetal Force pre- 
ponderates, and the ball falls in toward the finger. 
Familiar examples of the effects of Centrifugal Force 
are common in the experience of every-day life. 

The motion of mud flying from the rim of a coach-wheel, 
miliar fflustra- moving rapidly, is an illustration of Centrifugal Force. Fig. 
52 represents a coach-wheel throwing off mud ; a the point at 
which the mud flies off; a 6, the straight line m which it 
• Gentrlfagal, oomponnded of center, and "/wflrfo," to fly oflt 
t Centripetal, oompoonded of center and '*i>eto/* to seek. 



"What follows 
if the Centri- 
fugal or Cen- 
tripetal Forces 
are destroyed ? 




tionaof Centri- 
fugal Force? 



80 



WELLS'S NATURAL PHILOSOPHY. 



would move but for the actlcm of the two foroea, which compel it to follow 
the parabolic curve, a c. 

Fig. 62. 




Under what 
circumstance! 
will the Cen- 
trifaj^ Force 
orereome the 
Force of Cohe- 
lioii? 



PlO. 53. 



The mud sticks to the wheel, in the first instance, through the force of ad- 
hesion ; but this force, being very weak, is overcome by the Centrifugal Force, 
and the particles of mud fly off. The particles which compose the wheel it- 
self would also fly off in the same mamner, were not the force of cohesion 
which hoLda them together stronger than the Centrifugal Force. 

The Centrifugal Force, however, increases with the velocity 
of revolution, so that if the velocity of the wheel were contin- 
ually increased, a point would at last be reached, when the 
Centrifugal Force would be more powerful than the force of 
cohesion, and the wheel would then fly in pieces. In this 
way almost all bodies can be broken by a sufficient rotative 
velocity. Large wheels and grind- 
stones, revolving rapidly, not infre- 
quently break from this cause, and the 
pieces fly off with immense force and 
velocity. 

When we, whirl a mop, the water 
flies off from it by the action of the 
Centrifugal Force. The fibers, or 
threads, which compose the mop, also 
tend to fly ofi^ but being (confined at 
one end, they are unable so to da 
They, therefore, assume a spherical 
form, or shape. 

The fact that water can be made to 
fly off from a mop, by the action of the 
Centrifugal Force produced by whirling 
it, has been most ingeniously applied 
in a machine for drying ck^ called 
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the hydro-extractor (water-eztractorX Pig. 53. The machine consists of a 
large hollow wheel, or cylinder, A A, turning upon an axis, B. The sides 
_. and bottom of the wheed are pierced witili holes like a 

sieve. The wet cloths being in and around the side% 
A, the wheel is caused to revolve with great rapidity, and 
the water contained in the material, by the action of the 
Centrifugal Force,^ flies out, and escapes through the 
apertures left in the sides of the wheel A rotation 
of 1600 times per minute, is sufficient to almost en- 
tirely dry the doth, no matter how wet it may have been 
originally. 

When a bucket of water, attached to a string, is 
whirled rapidly round, the, water does not &11 out when 
the mouth is presented downward, since the Centriftigal 
Force imparted to the water by rotation, tends to cause 
it to fly off from the center, and this overcomes, or bal- 
ances, the attraction of gravitation, which tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 64, the water contained in the bucket which is up- 
side down, has no support under it, and if the bucket 
were kept still in its inverted position for a single mo- 
ment the water would fall out by its own weight, or, in 
other words^ by the attraction of gravitation, which rep- 
resents a Centripetal Force ; but the Centrifugal Force, 
which is caused by the whirling of the bucket in the di- 
rection of the arrow, tends to drive the water out through 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water retains its 
place, and not a drop ia spilled. 

When a carriage is moved rapidly round a comer, it is 
yeiy liable to be overturned by the Centrifugal Force 
called into action. The inertia carries the body of the 
vehicle forward in the same line of direction, while the 
. wheels are suddenly pulled around by the horses into a 
I new one. Thus a loaded stage running south, and sud- 
denly turned to the east, throws out the luggage and 
1 on the south side of the road. When railways form a rapid ciurve, 
the outer rail is laid higher than the inner, in order to counteract the Centri- 
fogal Force. 

I An animal, or man, turning a comer rapidly, leans in toward the comer or 
center of the curve in which he is moving, in order to resist the action of 
the Centrifugal Force, which tends to throw him away from the center. 

In all equestrian feats exhibited in the drcus, it will be observed that not 
only the horse, but the rider, iodines his body toward the center, Fig. 55, and 
according as the speed of the horse round the ring is increased, this inclina- 
tion becomes more considerable. When the horse walks slowly round a largo 
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ring this inclination of his body is imperceptible ; if he trot, there is a visible 
inclination inward, and if he gallop, ha inclines still more, and when urged to 
full speed he leans very far over on his side, and his feet will be heard to 
strike agamst the partition which defines the ring. The explanation of all 
this is, that the Centrifugal Force caused by the rapid motion around tho 
ring tends to throw the horse out o^ and away fi*om, the circular courso, and 
this he counteracts by leanmg inward. 

Fia. 55. 




How do the 
motions of tj^e 
■olar system il- 
lustrate the ac- 
tion of Centri- 
fugal and Cen- 
tripetal Forces ? 



The most magnificent exhibition of Centrifhgal and Centri- 
petal Forces balancing each other, is to be found in the ar- 
rangements of the solar system. The earth and other planets 
are moving around a center — ^the sun, with immense veloci- 
ties, and are constantiy tending to rush off into spacCi by the 
action of the Centrifugal Force. They are, however, restrained 
within exactly determined limits by the attraction of the sun, which acts 
as a centripetal power drawing them toward the center. 
What is the 168.i> The Axis of a body is the straight line, 
Axisof abody? ^^^^ ^^ imaginary, passing through it, on which 
it revolves, or may revolve. 

169. When a body rotates upon an axis, all 
its parts revolve in equal times. The velocity 
of each particle of a -revolving body increases 
with its perpendicular distance from the axis, 
and as its velocity increases, its .Centrifugal Force in- 
creases. 

A moment's reflection will show, that a point on the outer part, or rim, of 
a wheel, moves round the axis in the same time as a point nearer the center, 
AS upon the hub. But the circle described by the revolution of the outer part 



When a body 
rerolTes round 
its Axis, what 
peculiarities 
do its several 
parts exhibit? 
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What 
does the action 
of Gentrif ogal 
Force have up- 
on the figure of 
a body? 



Fl(J. 56. 



/ 



of the wheel is much larger than that described by the inner part, and as 

both move round the center in the same time, the outer part must move with 

a greater velocity. 

170. If the particles of a rotating body have 
fireedom of motion among themselves^ a change 
in the figure of the body may be occasioned by 
the difference of the Centrifugal Force in the 

different parts. 

A ball of soft clay, with a wire for an axis, forced through its center, if maut 
to turn quickly, soon ceases to be a perfect ball. It bulges out in the middle, 
where the Centrifugal Force is, and becomes flattened toward the ends, or 
where the wire issues. 

This change in the form of 
revolving bodies may be illus- 
trated by an apparatus repre- 
sented in Fig. 56. This con- 
sists of an elastic circle, or hoop, 
fastened at the lower side on a 
vertical shaft, while the upper 
side is free to move. On turn- 
ing the wheels, so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
will be observed to bulge out 
in the middle (owing to the 
Centrifugal Force acting with 
greater intensity upon those parts furthest removed from the axis) and to be- 
come flattened at the ends. 

•RTv . t .,. 171. The earth itself is an example of the operation of this 

What is the . , • -■» 

cause of the force. Its diameter at the equator is about twenty-six miles 

SttS^earS?* greater than its polar diameter. The earth is supposed to 
have assumed this form at the commencement of its revolu- 
tion, through the action of the Centrifugal Force, while its particles were in a 
semi-fluid, or plastic state. In Fig. 57 we Fxo.ST. 

have a representation of the general figure of 
the earth, in which N S is the polar diameter, 
and also the axis of rotation, and E W the 
equatorial diameter. 

Wh t la the ^^^' '^^ *^® equator the 

»moantof Cen- Centrifugal Force of a particle 
tripetai Force ^f matter is l-290ths of its 
at the equator? ^. ,. . . , 

gravity. This dimmishes as . 

we approach the poles, where it becomes 0. 
If the earth revolved 17 times faster than 
it now does, or in 84 minutes instead of 24 
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Wh^wonldbe hours, the Centrifogal Force would be equal to the' attraction 

Telodty of ro- ^f gravitation, which may be considered as the Centripetal 

totion of the Force, and all bodies at the earth's equator would be deprived 

earth were in- - . . ^ . ^, , , , ^ • ^ -, j. i 

ereMed f of weight, smce they would have as great a tendency to leave 

the surface of the earth as to descend toward its center. If 
the earth revolved on its axis in less time than 84 minutes, teirestrial gravita- 
tion would be completely overpowered, and all fluids and loose substances 
would fly from its surface. 

178. There appears to be a constant tendency to rotary 
ipotion in moving bodies free to turn upon their axes. 
The earth turns upon its axis, as it moves in its orbit ; a 
ball projected from a cannon, a rounded stone thrown from 
the hand, all revolve around their axes as they move. 

Fia. 58. This phenomenon may be very 

prettily illustrated by placing a 
watch-glass upon a smooth plate 
of glass, Fig. 58, moistened suf^ 
ficiently to insure shght adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
Ijm of the inclined plane, it will exhibit a revolving motion, which uniformly 
increases with the acceleration of its downward movement 



PRACTICAL QUESTIONS AND PROBLEMS ON THE PRINCIPLES 
AND COMPOSITION OF MOTION. 

1. The 8XJBFA0X of the zasth at the eqvatob moves at the rate of abont a tbovbaxt 
uiLBa io an hottb : why are men not sensible of this rapid movement of the earth ? 

Because aU objects about the observer are moving in ccmrfwn with him. li 
is the natural uniformity of the undisturbed motion which causes the earth 
and all the bodies moving together with it upon its surface to appear at 
rest 

2. How can yon easily see that the xabth Is In motion? 

By lookmg at some object that is entirely vmconneded with it, as the aun 
or the sUxrs. We are here, however, liable to the mistake that the son or 
stars are in motion, and not we ourselves with the earth. 

3. Does the bun really sebk and svr each day ? 

The sun maintains very nearly a constant position ; but the earth revolvei^ 
and is constantly changing its position. BeaHy^ iherefore^ (he stm neWier rises 
nor sets, 

4. Why, to a pessok bailiko in a boat on a smooth stream, or ooino bwittlt in • 
OABBTAG on a smooth road, do the trees or buildings on the hanks or roadside appear to 
move in an opposite dibbotion? 

The relative situation of the trees and buildings to the person, and to eaeb 
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other, is actoally changed by the motion of the obeerver; but the mind, in 
judging of the real change in place by the differenoe in the position of the 
objects obseryed, uncansdously confounds the real and apparent motion. 

5. Why wfU a iaSlow eandle fired from a gun pieree a board, or target, in the aenie 
manner as a leaden ballet vUl, nnder the same droamstanoea? 

When a candle starts from the breach of a gan, its motion is gradually in- 
creased, until it leaves the muzzle at a high Telocity ; and when it reaches the 
board, or target, every particle of matter composing it is in a state of great 
Telocity. At the moment of contact, the particles of matter composing the 
target are at rest ; and as the density .of the candle, multiplied by the velocity 
of its motion, is greater than the density of the target at rest, the greater force 
overcomes the weaker, and the candle breaks through and pierces a hole in 
the board. 

6. Why, with an enormona preesnre and doir motion, ean 70a not foree a eandio 
throng^ aboard? 

Because the candle, on account of its slow motion, does not possess suffi- 
cient momentum to enable the density of its particles to overcome the greater 
density of the board ; consequently the candle itself is mashed, instead of 
piercing the board. 

7. Why will a large ship, moving toward a wharf wiUi a motion hardly perceptible, 
crash with great force a boat intervening ? 

Because the great mass and weight of the vessel compensates for its want 
of velocity. 

8. Why ean a person safely skate with great rapidity over ice which would not bear 
his weight standing qnietly f 

Because time is required to produce a fracture of the ice; as soon as the 
weight of the skater begins to act upon any point, the ice, supported by the 
water, bends slowly under him ; but if the skater's velocity be great, he 
passes off from the spot which was loaded before the bending has reached 
the point at which the ice would break. 

9. A HKAVT coAOH and a light waqon came in collision on the road. A snit for 
damages was brought by the proprietor of the wagon. How was it shown that one of the 
TBHiouB was moving at an vksafs VKLOoirr f 

On trial, the persons in the wagon deposed (hat ffie shoek^ occasioned by 
coming in contact, was so great, that it threw (hem overihe head of their horse; 
And thus lost their case by proving that the &ulty velocity was their own. 

10. Why did the fact that they were tqbowk over the head of the hobse by coming 
In contact with the coach, prove that their velocity was obbatbb than it ooght to have 
been? 

• The coach stopped the wagon by contact with it, but the bodies of the per- 
sons in the wagon, having (he same velocity as (he wagon^ and not fastened to 
il, conUnued to move on. Had the wagon moved slowly, the distance to which 
they would have been thrown would have been slight To cause them to 
be thrown as far as over the head of (he horse^ would require a great velocity 
of motion. 
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IL When two pkbsorb weaiKn their hkass together, one being In xonoK and the ottier 
%i xxBT, whf are both equally hurt? 

Because, when bodies strike each other, action and reaction are equal; the 
head that is at rest retunia the blow with equal force to the head that 
Btrikea 

12. When an elastic ball la thrown against the side of a house with a okbtain fobgb, 
why does it rebound f 

Because the side ofihe house resists the ball with the same force, and the 
ball being elastic, rdwunds, 

13. When the bawb ball is thrown against a panx of olaas with the same force, it goes 
through, breaking the glass ; why does it not rebound as before ? 

Because the glass has not sufficient power to resist the full force of liie ball: 
it destroys a part of the force of the ball, but the remainder continuing to act, 
the ball goes through, shattering the glass. 

14. Why did not the man succeed who undertook to make a faib wikd for his plxas- 
VBE-BOAT, by erecting an immbnbb ioellows in the stbbn, and blowing against the bails t 

Because the action 6f the stream of wind and the reaction of the sails were 
exactly equal, and, consequently, the boat remained at rest 

15. If he had blown in acosTTBABY dibbction from the sails, instead of against them, 
would the boat hare moved ? 

It would, with the same force that the air issued from the bellows-pipe. 

16. Why can not a xan raise himself over a fxncb by pulling upon the sibafb of hli 

BOOIS? 

Because the action of the force exerted by the muscles of his arms is coun- 
teracted by the reaction of the force, or, in other words, the resistance of hia 
whole body, which tends to keep him down. 

17. Why do watxb-dogb give a bbmi-botabt xotxment to free themBelTei trcm 
water? 

Because in this way a cen^fugcd force is generated, which causes the drops 
of water adherent to them to fly offi 

18. Why is the ooubbb of rivers rarely stbaight, but biespentxmb and windinq t 
When, fix>m any obstruction, the river is obliged to bend, (he ceatarifugal 

force tends io ffirow away the water from the center of (he curvatvre, bo that 
when a bend has once commenced, it increases, and is soon followed by others^ 
Thus, for instance, the water being thrown by any cause to the left side, it 
wears that part into a curve, or elbow, and, by its centrifugal force, acts con- 
stantly on the outside of the bend, until the rock, or higher land, resists its 
gradual progress ; from this limit, being thrown back again, it wears a similaC 
bend to the right hand, and after that another to the left, and so on. 

19. A locomotive passes over a railroad, 200 miles in length, in 6 hours; what is its 
velocity per hour ? 

20. If aUrd, in flying, paases over a distance of 45 miles in an hour, what is its ve- 
locity per minute ? 

21. The flash of a cannon three miles off was seen, and in i4 seconds afterward the 
Bound was heard. How many feet did the sound travel in one second ? 
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92. The Ban Is 95iniI]ioiia of milei tnm tiie earth, and it leqaiiea Si mfamtet for its 
light to reach the earth ; with what velocitj per aeoond doea light move T 

23. If a yeaael aaU 90'mUea a day for 8 daya, how far wlU it saU in that Ume T 

24 A gentle wind la obaenred to move 1,260 feet in 16 minutea : how for would it move 
in 2 hours, allowing 6»000 feet to the mile t 

25 What diatanoe would a bird flTing nniformlj at the relodty of 00 mHea per honr, 
pasa oTer in 12| hours f 

26. Suppose light to move at the rate of 192,000 miles in a second of time, how long a 
time will elapse in the passage of light from the sun to the earth, the distance being 05 
millions of miles ? 

27. What ia the momentum of a body weighing S6 ponnda moring with the Telocity 
•f 90 feet per second f 

28. A oamieiB-ball weighing S20 pounds, stmek a wan with a Telocity of 46 feet per 
aecond: what waa its momentom, or with what force did it strike f 

' 29. A looomotlTe and train of cars weighing 180 tons (40B,900 pomids), and morlng at 
the rate of 40 milea per hour, came in collision with another train weighing 100 tons, and 
moving at the rate of 26 milea per hour : what was the momentum, or force of collision f 

30. A stone thrown directly at an ot^ect from a locomotive, mpving at the rate of 8,620 
feet per minute, waa 2 seconds in the air; at what distance beyond the ol^ect did it 
atrikef 



What are the 



CHAPTER VI. 

APPLICATION OF POECB. 

174. The principal agents from whence we 
Sf^^SSSJiT^ obtain power for practical purposes, are Men 
"*•' and Animals, Water, Wind, Steam, and 

GUNPOWDEB, 

The power of all these may be ultimately resolved into some 
mS natural ^^'^ ^^ °**^'^ of the great natural forces, or primary sources of 
forces are these power, viz., vital force, producing muscular energy, or strength 
ag^^^ power ^ ^^^^^^^ ^^^ animals; gravitation, causing the flow of wateiy 
heat and molecular forces, the agents producing the power ex* 
hibited by wind, steam, and gunpowder. 

Are there any Magnetism and electricity when called into action, anl 
other agents of capillary attraction, are also agents of power; but none of 
V^^^ these are capable, as yet, of being used to any great extent 

for the production of motion. 

„ . 175. Muscular enerffv in men and animals 

Howiamnaen- , . ^•' . /» i 

lar energy ex- 18 cxcrtcd by mcaus of the Contraction of the 
fibers which constitute the muscles of the 
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body ; the bones of the body &cilitate and direct the ap% 
pKcation of this force. 

Beasts of prey possess the greatest amount of muscular power ; but some 
very small animals^ possess muscular power in proportion to their bulk, in- 
comparably greater than the largest of the brute creation. A flea, considered 
relatively to its size, is stronger than an elephant, or a lion. 
How can a man "^ ™*^ ^^'^ exert his greatest active strength in pulling up- 
eterthiagreau Ward from his feet, because the strong muscles of the back^ 
«6t strength t ^^^ those of the upper and lower extremities, are then brought 
most advantageously into action. 

The comparative efifect produced in the different methods of applying the 
force of a man, may be indicated as follows : in the action of turning a crank, 
or handle, his force may be represented by the number 17 ; in working a 
pump^ by 20 ; in pulling downward, as in ringing a bell, by 39 ; and in pull- 
ing upward from the feet, aa in the action of rowmg, by 41. 

What ii the 176. The estimate of the uniform strength 
rtie^h^of a of an Ordinary man, for the performance of or- 
man? dinary daily mechanical labor is, that he can 

raise a weight of 10 pounds to the height of 10 feet once 
in a second, and continue to do so for 10 hours in the 
day. 

What is the ^'^*^' ^^^ estimated strength of a horse is, 
^Mth^of a *^** ^® ^^^ ^^^ * weight of 33,000 pounds 
"hT' °' *f *^ ^^^ height of one foot in a minute. Such 
a measure of force is called a "horse- 
power." 

The strength of a horse is considered to be equal to that of five men. The 
average strength which a horse can exert in drawing is about 1600 pounds. 

What i« water. 178. Water-powbr is the powcr obtained 
power? ijy ^YiQ action of water falling perpendicularly, 
or running down a slope, by the influence of gravity. 
What is the 1*^9. When work is performed by any agent, 
^^^g the there is always a certain weight moved over a 
JSfora^^? certain space, or a resistance overcome ; the 
Surerentforoear amouut of work performed, therefore, will de- 
pend on the weight, or resistance that is moved, and the 
space over which it is moved. For comparing diflferent 
quantities of work, done- by any force, it is necessary to 
have some standard ; and this standard is the power, or 
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labor, expended in raising a pound weight one foot high, 
in opposition to gravity. 

How is the ef- l^O. The oflfect producod by a moving power 
J^SowaTex- ^ always expressed by a certain weight raised 
prened? ^ Certain height. 

To find, therefore, the effect of a moving^ power, or to find the power ex« 
peoded in performing a certain work, we haye the following role : — 

How nui7 the ^^l. Multiply the weight of the body moved 
S'l^^wSTbe ^^ pounds by the vertical space through which 

• •pertained f Jjj Jg mOVCd. 

Thus, for example, if a horse draw a loaded wagon, with a force by which 
the traces are stretched to as great a degree as if 200 pounds ^ re suspended 
Terticallj from them, and if the horse thus acting draws the wagon over a 
space of 100 feet, the mechanical effect produced is said to be 200 pounds 
raised 100 feet; or, what is the same thing, 20,000 pounds raised 1 foot 
When a horse draws a carriage, the work he performs is expended in oyer- 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but fiiction increases and diminishes as the weight of the load in« 
creases or diminishes The work performed will, therefore, be estimated by 
multiplying the total resistance of friction, as expressed in pounds, by the 
space over which the carriage is moved. 

m stnte th ^® following examples will illustrate how we are enabled, 

nuumer of esti- by the above rules, to calculate the amount of power required 
maUngpowerf ^ perform a certain amount of work: — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal fixxm the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, 600 feet, equals 134^400, the amount of work to be performed 
each minute; a horse power equals 33,000 pounds raised 1 foot per minute: 
therefore, 134,400-r-33, 000 =4.07, horse-power required. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.07 
horse-power, and the engine-builder, knowing the dimensions of the parts of 
an engine essential to give one horse-power, can build an eng^e capable of 
performing the requisite work. 

Again. Suppose a locomotive to move a train of cars, on a level, at the 
late of 30 miles per hour, the whole weighing 26 tons, with a constant re- 
'fistanoe from friction of 200 pounds, what is the horse-power of the engine 7 
BO miles per hour equals 2,640 feet per minute ; this space multiplied by 200 
pounds, the resistanoe to be overcome, equals 628,000, the work to be done 
every mmute; which, divided by 33,000 (one horse-power), equals 16, the 
horse-power of the locomotive. 

What ii am- 182. An instrument for measuring the rela- 
namometert ^j^^ Strength of mou and animals, and also of 
the force exerted by machinerj^ is called a Dykamomsteb, 
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j,j^ gg Fig. 59 represents one of the most 

common forms of the dynamometer; 
coDsisting of a band of steel, bent in 
the middle, so as to have a certain de- 
gree of flexibility. To the expanded 
extremity of each limb is fixed an arc 
of iron, which passes freely through an 
opening in the other limb, and terminates outside in a hook or ring. One of 
these arcs is graduated, and represents in pounds the force required fiq.6(|, 
to bring the two limbs nearer together. Thus, if a horse were pulling 
a rope attached to a body which he had to move, we may imagine the 
rope to be cut at a certain point, and the two ends attached to the 
tnds of the arca^ as represented in Fig. 59 ; the force of traction ex- 
erted by the animal would be seen by the greater or less bringing 
together of the ends of the instrument 

In another form of dynamometer, Fig. 60, which is also used as a 
spring balance in weighing, the force is measured by the colliding 
of a steel spring, contained within a cylindrical case. The construc- 
tion and operation of this instrument will be easily understood from 
an examination of the figure. 

What is a Ma- 183. A MACHINE is an instrument, or 
chine? apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result. 

A steam-engine and a water-wheel are examples of machines. They re- 
ceive the power of steam in the one case, and the power of felling water in 
the other, and apply it for locomotion, sawing, hammering, etc. 

Do we produce 184. A MACHINE cau not, uudcr any cir- 
foroe ^by ^ cumstauccs, crcatc power, or increase the 
chines r quantity of power, or force, applied to it. 

A machine will enable us to concentrate, or divide, any quantity of force 
Which we may possess, but they no more increase the quantity of force applied 
than a mill-pond increases the quantity of water flowing in the stream.^^ 
^ ^ Machines, in £ict, do not increase an applied force, but they 

Do not ma- ,...,. ., 

chines in reality dimmish it, or, in Other words, no machine ever transmits the 
diminish force? ^^^i^ amount of foice imparted to it by the moving powei; 
since a part of the power is necessarQy expended in overcoming the inertia 
of matter, the fiiction of the machinery, and the resistance of the atmosphere. 

* " Power Is always a product of nature. God has not vouchsafed to man the means of 
its primary creation. He finds it in the moving air and the rapid cataract ; in the burn- 
ing coal and. the heaying tide. He transfers it from these to other bodies, and renders it 
the obedient servant of his will —the patient drudge which, in a thousand ways, adminis- 
ters to his wants, his convenience, and his luxuries, and enables him to reserve his own 
energy for the higher purposes of the development of his mind and the expressioii of Ui 
thone^ts."— P/V* Henry, 
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Is Perpetual 185- Perpbtual Motion, ot the constmc- 
ctoir^'^<33- *^^^ ^^ machines which shall produce power 
^^ sufficient to keep themselves in motion con- 

tinually, is, therefore, an impossibility, since no combi- 
nation of machinery can create, or increase, the quantity 
of power applied, or even preserve it without diminution. 

What ezamole ^^ nature we have an example of continued and undimin* 
•f eontinaed ished motion in the revolution of the earth upon its axis, acd 
we Innatiwe? °^ *^® planets around the sun. These bodies have been mov- 
ing with undiminished velocity for ages past, and, unless pre- 
vented by the agency which created them, will continue so to do for ages to come. 

Hoirdovede- ' ^^ dcrivc advantages from machines 

riveadvantagea in thrco diflTcrent ways: 1st, from the addi- 

innii machines P if ' * 

tions they make to human power ; 2d, from 
the economy they produce of human time ; 3d, from the 
conversion of substances apparently worthless and com- 
mon into valuable products. 

Hov do ma- 1^7. Mdchincs make additions to human 
S^SI>n8°**to power, because they enable us to use the 
human pover? po^gr of natural agents, as wind, water, steam. 
They also enable us to use animal power with greater ef- 
fect, as when we move an object easily with a lever, which 
we could not with the unaided hand. 
How do ma- 188. Machiucs produce economy of human 
SJSSmy'^h?- ^^% because they accomplish with rapidity 
man timer what would require the hand unaided much 
time to perform. 

A machine turns a gun-stock in a few minutes ; to shape it \jj hand would 
be the work of hours. 

189. Machines convert objects apparently 
cunes oonTert worthlcss into Valuable products, because by 

irorttalAM Ob- - . . ^ J 'j-x r 

jecta into vai- their grcot power ^ economy ^ and rapidity of 
axition, they make it profitable to use objects 
for manufacturing purposes which it would be unprofit- 
able or impossible to use if they were to be manufactured 
by hand. 

Without machines, iron oould not be forged into shafts for gigantic engines ; 
fibers oould not be twisted into cables; granite, in large masses, oould not b« 
transported firom the quarries. 
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Define Power, 190- I^ machinery, we designate the mov- 
wfrwng Point, ^^g ^'^^^^ ^^ *b® PowER ; the resistancc to be 
SLcSmI^. ^ overcome, whatever may be its nature, as the 
Weight ; and the part of the machine im- 
mediately applied to the resistance to be overcome, as the 
Working Point. 

What iB the 191' The great general advantage that we 
Etint^e^'S^ obtain from machinery is, that it enables us 
""•®''*°®^' to exchange time and space for power. 

Thu8, if a man could xaide to a certain height two hundred pounds in one 
minute, with the utmost exertion of his strength, no arrangement of machinery 
could enable him unaided to raise 2^000 pounds in the same time. If he de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and raise each part separately, consuming ten times the time required 
for lifting 200 pounds. The appUcation of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Agam. A boy who can not exert a force of fifty pounds may, by means 
of a claw-hammer, draw out a nail which would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through per- 
haps one foot of space to make the nail rise one quarter of an inch. But it has 
been already shown that the force of a small body moving with gpreat velocity 
may equal the force of a large body with a slight velocity. On the same prini 
ciple, the small weight, or power, exerted by the boy on the end of the hanb 
mer handle, moving through a large space with an increased velocity, ac- 
quires sufficient momentum to overcome the great resistance of the naiL 

In both of these examples space and time are exchanged fi>r power. 

_ , ^. 192. The mechanical force, or momentum, of a body, is as- 

How IS the me- . . • , , ■ « 

chanlcai effect certained by multiplymg its weight by the space through 

tomSJ^? *^ which it moves in a given time, that is to say, by its velocity. 

The mechanical force, or momentum, of a power may also be 

found, by multiplying the power, or its equivalent weight, by its velocity. 

What is the 193. The power, multiplied by the space 
brium T^ through which it moves in a vertical direction, 
niachtoesf jg eqxxol to the weight multiplied by the space 
through which it moves in a vertical direction. 

This is the general law which determines the equilibrium of all machines. 

194. The power will overcome the resistance 

Under vbat _ .,•*■ _ , .ii,! i 

conditions will of thc wcight, and motion will take place m a 

place in a ma- machiuc, whcu the product arising from the 

power multiplied by the space through which 
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* It moves in a yertical direction, is greater than the pro- 
duct arising from the weight multiplied by the space 
through which it moves in a vertical direction. 

WhAtismiMnt Practical men express the principle of equilibrium in ma- 
b7 the ez- chineiy by saying '^ that what is gained in power is lost in 
ir^iSS^ time," Thus, if a small power acts against a great resistance^ 
fhe ezpenoe of the motion of the latter will be just as much slower than thai 
^^^^ of the power, as the resistance, or weight, is greater than tha 

power ; or if one pound be required to overcome the resistance of two pound^ 
the one pound must move over two feet in the same time that the resistance^ 
two pounds^ requires to move over one. 

SECTION I. 

THE ELEMXKTS OF If 1. H I NEB T. . 

195. All machines, no matter how complex 
pie machines and intncatc their construction^ may be re- 
*" duced to one or more of six simple machines, 
or elements, which we call the " Mechanical Powers." 

196. They are the Lever, the Wheel and 

fnomenue too *^ 

six elementary AXLE, tho PULLET, the INCLINED PlANE, the 

ina<?htnofw _ 

Wedge, and the Screw. 

Theee simple Machines may be further reduced to three— the lever, the 
puUpjr, and the inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name ** mechanical powers ' which has been applied to the six ele- 
mentary machines, is unfortunate, since it serves to convey an idea that they 
are really powere^ when in fact they possess no power in themselves, and are 
only instruments for the application of power. 

What la m 197. A Lever cousists of a solid bar, straight 

^^*'' or bent, turning upon a pivot, prop, or axis. 

What are the ^98. Thc Arms of the Icvcr are those parts 
AmsofaLe- ^f ^fae bar extending on each side of the 

axis. 
What la the 199. The Fulcrum, or prop, is the nams 
Fulcrum f applied to the axis, or point of support. 

200. Levers are divided into three kinds, or 
kiSdsJff^ra classes, according to the position which the 
fulcrum has in relation to the power and the 
weight. 
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201. In the first class the falcrum is be- 
reiative pod- tweeo the powcF and the weight ; in the sec-, 
power, fulcrum ond class, the fulcFum is at one end of the 
S^et^Ae kinds levcr, and the weight is between the fulcrum 
and the power ; in the third class, the fulcrum 
is at one end of the lever, and the power is between the 
fulcrum and the weight. 

Fig. 61 represents the three classes of FiG. 61. 

Jbvers, numbered in their order, 1, 2, 3. i jr 

P is the power, W the weight, and F the TT ' ^^ 

fulcrum. , 

Wh.t .re ex- , ^ <=«"''"" »??««* ^ P ^ , 

ftmpies of le- elevate a stone, is an ex- ' ■' i ' ' jij r 

first kind. In Fig. 62, '^^ 

which represents a lever of this class, a — j^ 

indicates the fulcrum which suppports the 3 "^^^^^ ^ ^ 

bar, h the power applied by the hand at I 

the end of the longest arm, and c the i^*^ 

weight, or stone, raised at the end of the 

short arm. A poker applied to stir up the fuel of a grate is a lever of tile 

first class, the fulcrum being tiie 
FiO- 62. bars of the grate ; the break, or 

or handle of a pump^ is also a fa- 
miliar example. Scissors, pin- 
cers, etc., are composed of two 
levers of the first kind, the ful- 
crum being the joint, or pivot, 
and the weight the resistance 

of the substance to be cut, or seized. The power of the fingers is applied 

at the other end of the levers. 

What i8 the 202. A lever will be in equilibrium, when 
brium^ ^"tti the power and the weight are to each other 
**^®'' inversely as their distances from the fulcrum. 

Thus, if in a lever of the first class the power and the weight are equal, 
and are required to exactly balance each other, they must be placed at 
9qual distances from the fulcrum. If the power is only half the weight, it 
must be at double the distance from the fulcrum; if one third of the 
weight, three times the distance. If we suppose, in Fig. 62, c to represent 
a weight of 300 pounds, placed two feet from the fulcrum a, and h a power 
of 100 pounds placed six feet firom a, then c and h will be in equilibrium, 
for (300X2)=(100X6). 

203. When the weight and lengths of the two. arms 
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Weight, and 
the length of 
the arma of a 
lever being 
given, hoTf we 
find the eqniy- 
alent power ? 



What are ex- 
amples of le- 
Tprs of the 
second class ? 




of a lever are given, the power requisite to 
balance the weight may be ascertained, by 
dividing the product of the weight multiplied 
into its distance from the fulcrum, by the dis- 
tance of the power from the fulcrum. 

204. Cork, or lemon-squeezers, Fig. 63, are examples of 
the levers of the second class, which have the fulcrum at ont 
end, and the weight, or resistance to be overcome, between 
the fulcrum and the power. An oar is a lever of the second 
dasa^ in whioh the reaction of the water against the blade is the' fulcrum, the 
PiQ. 63, boat the weight, and the hand of 

the boatman the power. A door 
moved on its hinges is another 
example. A wheel-barrow is a 
lever of the second class, the ful- 
crum being the point at which the 
5 ) wheel presses upon the ground, 

the barrow and its load the weight, 
and the hands the power. Nut- 
crackers are two levers of the second class, the hinge which unites them being 
the fulcrum, the resistance of the shell placed between them the weight, and 
the hand the power. 

What are ex- ^^^' ^ ^^ ^^ BUgar-tongs rep- piQ. (54. 

amples of le- resents a lever of the third class, 
^d eUas f ^* ^ which the power is appUed be- 
tween the fulcrum and the resist* 
ance, or weight. In Fig. 64, the fulcrum is at a, 
the resistance is the piece of sugar to bo lifted at 
5, and the power is the fingers applied at c 
When a man raises a ladder against a wall, he 
employs a lever of the third class; the fulcrum 
being the foot of the ladder resting upon the 
ground, the power being the hands applied to 
raise it, and the resistance being the weight of the ladder. 

206. In levers of the third class, the power, 
being between the fulcrum and the weight, 
will be at a less distance from the fulcrum than 
the weight ; and, consequently, in this form 

of lever the power must be always greater than the 

weight. 

Thus (in No. 3, Fig. 61), if the length from the point where the weight, "W, 
is suspended to F be three times the length of P F, then a weight of 100 
pounds guspended at W will require a power of 300 applied at P to sustain it 




What is the re- 
lation between 
the power and 
the weight in 
kTers of the 
third class? 
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Owing to its mechanical diaadvantagea, this class of levers 
dreamsUnees ^ rarely Qsed, except where a quick motion is required, rather 
do we employ than great force. The most striking examples of levers of the 
third dan r ^ third dass are found in the animal kingdomu The limbs of 
animals are generally levers of this description. The socket 
of the bone, c^ Fig. 66, is the fulcrum ; a strong muscle attached to the bone 
«. _ near the socket, c, and extend- 

ing to d^ is the power ; and the 
, weight of the limb, together 
with whatever resistance, u;, is 
opposed to its motion, is the 
weight A very slight con- 
traction of the muscle m this 
case gives considerable motion 
to the limb. 

The leg and claws of a bird, 
are examplea of the third class 
of levers, the whole arrange- 
ment being admirably adapted to the wants of the animal When a bird rests 
upon a perch, its body constitutes the weight, the muscles of the leg the 
power, and the perch the fulcruoL Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, grasp 
the perch more firmly: consequently, a bird sits upon its perch with the 
greatest ease, and never falls off in sleeping, since the weight of the body is 
instrumental in sustaining it 

What la a ^^^' ^ COMPOUND Lever is a Combination 
Compound Le- of several simple levers, so arranged that the 
shorter arm of one may act upon the longer 
arm of another. In this way, the power of a small force 
in overcoming a large resistance is greatly multiplied. 

Fia. 66. 




5 ^-l 

An arrangement of compound levers is shown in Fig 66. Here, by means 
of three simple levers, 1 pound may be made to balance 1000; for if the long 
arm of each of the levers is ten times the length of the short one, 1 pound 
at the end of the first one will exert a force of 10 pounds upon the end of the 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon the end of the third one, which will balance ten times that amount^ or 
1000 pounds, at the other extremity. 
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What are the 
disadvantages 
of a compound 
lever T 



Describe the 
common steel- 
yard. 



208. The disadvantage of a compound lever 
is, that its exercise is limited to a very small 
space. 

209. The different varieties of weighing machines are varie- 
ties or combinations of levers. The common steel-yard is a 
lever of unequal arms, belonging to the first clajss. It consists 

of a bar (Fig. 67) marked with notches to indicate pounds and ounces, and a 
weight which is movable along the notches. The bar is furnished with.threo 
hooks, or rings, on the largest of which ^he article to be weighed is always 
hung. The other hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fulcrum. 
The weight, Q, sliding upon the bar, balances the article, P, which is to be 
weighed, it being evident that a pound weight at D will balance as many 
pounds at P as the distance A is contained in the space D G. 




It may happen that when the weight Q is moved to the last notch upon the 
bar B C, that the article P Will still preponderate. In this case, the steel-yard 
is held by the hook or ring nearer to A, which hangs down in the figure, and 
the steel-yard turned over, it being 'furnished with two sets of notches on 
oppofflte sides of the bar. By this means the distance of P, the article weighed, 
from the fiilcrum is diminished, and the weight Q, at the given distance upon 
the opposite side of the fiilcrum, will balance, a proportionally greater resist- 
ance, or weight 

Describe the ^^^* ^^ ordinary balance is a lever of the first dass, with 
ordinary bal- equal arms, in which the power and the weight are neces- 
•nee. saffily equal Fig. 68 shows the common form. The fulcrum 

or axis, is made wedge-like, with a sharp knife-like edge, and rests upon a 
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Fig. 68. sur&ce of hardened steel, or 

agate, in order that the beam 
may turn easily. The scale: 
pans are suspended by chains 
from points precisely at equal 
distances from the fulcrum, 
and being themselves adjusted 
so as to have precisely equal 
weights, the two sides will perfectly balance when the pans are empty. 

211. If the two arms of a scale-beam be not of perfectly 
equal length, a smaller weight at the end of the larger arm 
will balance a greater weight at the end of the shorter. An 
excess of half an inch in the length of the arm of the beam, 
to which merchandise is attached, where the arm should be 
eight inches long, would cheat the buyer exactly one ounce in every pound. 
This fraud, if suspected, might be detected instantly, by transposmg the 
weight and the article balanced; the lightest .would then be at the end of 
thejshort arm, and would appear lighter than it actually is. 

Fig. 69. 



Under what 
drcamBtances 
will a balance 
indicate false 
weights? 




What is the 212. Platform scales, and scales intended 
construction^ foT Weighing hay, etc., are usually compound 
'^^^ ' levers, and are constructed in very various 

forma, but all depend on the principles above explained, 
rig. 69 represents one of the varieties, and Fig. 70 a sec- 

Fia. 10. 




THE ELEMENTS OF MACHINEBY. 



99 



Fig. '71. 



tion of the same^ showing the arrangement and combination 
of the levers. 

213. When a lever is applied to raise a weight or overcomo 
stances limit ^ resistance, the space through which it acts at any one time 
toe utUitj of is small, and the work must be accomplished by a succession 
of short and intermitting efforts. These circumstances, there- 
fore, limit the utility of the common lever, and restrict its use to those cases 
only in which weights are required to be raised through small spacea 

_, , ,. 214. When, however, a continuous motion is required, as in 

Bnwiscontin- . . r* .' . _._. ^, ».«.,. 

nous motion raising ore from a mme, or in lifting the anchor of a ship, 

obtained f ^ order to remove the intermitting action of the lever, and 

render it continual, we employ the simple machine known as the wheel and 

axle, which is only another form of the lever, in which tiie power is made to 

act without intermi^on. 

215. The form of the simple machine de- 
wheei and nominated the Wheel and Axle, consists of 
a cylinder, termed an axle, revolving on an 
axis, and having a wheel of larger diameter immovably at- 
tached to it, so that the two revolve with a common motion. 

^ _.^ XV III Fig. 11, A represents 

Describe the ^^ , ..i. u i • 

action of the the axle with a wheel im- 

wheA and movably attached to it, and 
the wheel turning on pivots 
inserted into the ends of the axle. Around 
this axle is wound a rope, to which is at- 
tached the weight W, and around the wheel 
is another rope, to which the power, P, is 
applied. It is evident that one turn of the 
wheel will unwind as much more rope from 
the wheel than it winds on the axle, as its 
circumference is greater. The power, P, will therefore pass over a much greater 
space than the weight W. The weight on the axle, which may be considered 
as acting on the short arm of a lever which is the radius* of the axle, may 
be much heavier than the power which acts at the long arm of a lever, whidi 
18 the radius of the wheeL 

Hence the advantage gained in the wheel and axle is equal to the numb» 
of times that the radius of the axle is contained in the radius of the wheel, 
and to estimate the mechanical advantage gained by the wheel and axle, wo 
have the following rule : 

How do we 216. The power is to the weight, as the 
advTn^ *of diameter of the wheel is to the diameter of 
axle? the axle. 

* The radioB of a wheel, or cylinder, is its Bemi-diameier, or a line drawn from its oen- 
tor to its cireiunference. The spoke of a carriage wheel represents iU radius. 
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Fig. "72 lepreaents a sectioD of Uie wheel and axle, showing the radios 
of the axle, b c, and the radius of the wheel, a e. The two being in a 



FiQ. 72. 




straight line, the weiglits hanging in opposition are 
always as if th^y were connected by a horizontal lever, 
acb, turning on a fulcrum at c If the radius of the 
wheel, or the length of the longer arm of the leyer, a c, 
be 24 inches, and the radius of the axle, or the length 
of the shorter arm, c 6, be 3 inches, then the advantage 
gained would be 24-i-3=8, and a power of 100 pounds 
applied to the wheel would balance a weight of 800 ap- 
plied to the axle. 

Howdoveap. ^^'^^ '"^® methods'of applying power 
ply power in in the wheel and axle are vexy various, 
■jde?***^ *°^ it not being essential that the power should be iq)plied by a 
rope. The axle is sometimes placed in a vertical or upright 
position, and the power applied by means of levers, or ban^ inserted into holes 
Fig. 73. in one end of the axle. A capstan of a ship, Fig. 

73, is an example of thi& 

In the windlass, a handle, or winch, is sub- 
stituted in the place of a wheeL (See Fig. 74.) 
In this case, the advantage gained is equal to 
the number of times that the leng^ of handle is 
greater than the radius of the axle. Thus» if the 
handle is 20 inches and the radius of the axle 
18 2 inches, then tbe advantage would be 10, and 
a power of 60 pounds applied at the handle would 
just raise a wei^t of 10 times 60, or 600 pounda 

When a wei^t^ or resistance, of comparatively great amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either the diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as to be unwieldy. This has been remedied by a very simple ar- 
FlO. 74. rangement, called the double axle, Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the 
rope winds around them in different direc- 
tions ; therefore, every turn of the wind- 
lass, or handle, winds up a portion equal 
to the circumference of the one, but un« 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weight moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at the handle will balance 100 attached to the ropa 

In this arrangement space and time are exchanged for power in a most 
convenient manner. 
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What iB the 
most frequent 
method of 
transmitting 
motion through 
ft combinatioa 
•: wheels f 



PlO. 75. 



yfhetL great power is required, wheels and axles may be combined to- 
gether in a manner similar to that of the compound lever already explained 
(§ 207). By such a combination we gain the advantage of using a very large 
wheel with a small axle, without their inconvenieuces. 

218. The most frequent method of transmitting motion 
through a combination of wheels, is by the construction of 
teeth upon their circumference, so that the teeth of each 
wheel &Hing between those of the other, the one necessarily 
pushes forward the other. When teeth are thus affixed to 
^e drcumference of a wheel, they are termed cogs; upon an 

axle, they are termed leaves, while the axle itself is called a pinion. 

Fig. 76 represents a combination 
of wheels and axles for the trans- 
mission of power. If the teeth on 
^-the axle of the wheel c act on six 
times the number of teeth on the 
circumference of the second wheel, 
the second will turn only once for 
eveiy six turns of the first In the 
same manner the second wheel, by 
tummg six*times, turns the third 
wheel once ; consequently, if the proportion between the wheels and their 
axles be preserved in all three, the third turns once, the second six times, 
and the first thirty-six timea Now, as the wheel and axle act in all respects 
like a simple lever, and a combination of wheels and axles as a combina- 
tion of levers, there is no difficulty in understanding how a mechanical ad- 
Tantage is giuned by this contrivance. The power is to the weight as the 
product of the diameter of all the axles is to the product of the diameter of 
all the wheel& Thus, if the diameter of all the axles be expressed by the 
numbers 2, 3, and 4, and the diameters of the wheels, c, /, and ^, be expressed 
by the numbers 20, 25, and 30, then power will be to Uie weight as 2X3 X 
4=24, is to 20X25X30=15,000 ;— or a power of 24 at the first wheel will 
balance 15,000 at the axle of the last wheel 

219. One of the most familiar instances of combined wheel- 
Suar inurtra^ ^^'^^ ^ exhibited in clocks and watches. One turn of the axle 
tions of eom- on which the watch-key is fixed, is rendered equivalent, by a 

train of wheel-woric, to about 400 turns, or beats, of the bal 
ance-wheel ; and thus the exertion, during a few seconds, of 
the band which winds up, gives motion for twenty-four, or thirty hours. By 




poand 
▼orkf 



wheel- 



Fia. 77. 



FiQ. 76. increasing the number of wheels, 

time-pieces are made which go for 
a year, or a greater length of time. 

Wheels may be connected and | 
motion communicated from one 
the other, by bands, or belts, as well 
as by teetli. This principle is seen in the ppinning-wheel and common 
tuniing^lathe. A spinning-wheel, as a c, Fig. 76, of thirty mches in circum- 
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Fig. IB. 




ferenoe, tarns by its band a smaller wheel, or spindle, 6, of half an inch, axty 
times for every revolution of a c. 

When the wheel is intended to revolve in the same direction with the one 

fix>m which it receives its motion, the band is attached as in Fig. 76 ; but 

when it is to revolve in a contrary direction, the band is crossed, as in Fig. 77. 

In many wheels power is communicated by means of a weight appUed to 

the circumference. 

In the tread-mill (Fig. 78) a number of persons 
stepping upon the circumference of a wheel cause 
it to revolva Similar machines are often adopted in 
ferry-boats, moved by horses, and called "horses 
boats." 

In most water-wheels, power is obtained by the 
action of water applied to the circumference of the 
wheel, whi6h is caused to revolve, either through the 
weight, or pressure of the water, or by both conjointly. 

The Pulley is a small wheel fixed in 
a block, and turning on an axis, by means of 
a cord, which runs in a groove formed on the edge of the 
wheel. 

This sunple machine is represented in Fig. 79. Fia. 79. 

220. Pulleys are of two kinds ; 
— fixed and movable. 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Figs. 79 and 80 are illustrations of fixed 

pullejrs. In Fig. 80, C is a small wheel tummg upon its 

axis, around which a cord passes, having at one end the 

power P, and at the other, the resistance, or weight, W. It 

is evident that by pulling the cord at P, the weight, W, must 

/ "N. ascend as much and as fiist as the cord is drawn down 

I ^ As, therefore, the power and the weight move with the 

same velocity, it is dear that they balance one anothei; 

and that no mechanical advantage is gained. 

In all the applications of power there are always 8om» 
directions in which it may be exerted to greater adya& 
tage and convenience than others; and in many cases 
the power is capable of acting in only one particular di- 

®^,,^ rectioa Any arrangement of machinery, therefore, which 
[^j will enable us to render power more available, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or oyeroome a 



How xaaAy 
kinds of pul- 
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What is a fix- 
ed palley? 
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workii^ and 
adTantaHge of 
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the 



pulley. 
Fig. 80. 
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What ure fa- 
miliar applica- 
tions of fixed 
pulleys f 




Fig. 82. 



great weight Thus, if we wish to apply the strength of a horse to lift a 
heavy weight to the top of a building, we should find it a difficult matter to 
accomplish directly, since the horse exerts his 
strength mainly, and to the best advantage, in 
drawing horizontally ; but by changing the di- 
rection of the power of the horse, by an ar- 
rangement of fixed pulleys, as is represented 
in Fig. 81, the weight is lifted most readily, 
and the horse exerts his power to the best ad- 
vantage. 

223. A fixed pulley is most 
useful for changing the direc- 
tion of power, and for apply- 
ing power advantageously. 
By it a man standing on the ground can raise 
a weight to the top of a building. A curtain, a flag, or a sail, can be readily 
raised to an elevation by a fixed pulley, without ascending with it, by draw- 
ing down a cord running over the pulley. 

whatteamov- 224. A MOVABLE PuLLEY differs from a 

able pulley? q^q^ puUej in being attached to the weight ; 
it therefore rises and falls with the weight. 

Fig. 82 represents a movable pulley, B, associated, as it 
most commonly is, with a fixed pulley, C. The movable pulley, 
B, is often called a " Runnor." 

225. In the fixed pulley, Fig. 80, it will be 
readily seen that to move the weight, W, at 
one end of the cord, passing over the pulley, a 
greater weight must be applied at P, for if P 
is only equal to W, they will balance one an- 
other. I^ however, we fasten one end of the cord to a fixed support, as at 
F, Fig. 82, and pass it under the groove in the movable pulley B, to which 
the weight, W, we desire to raise is attached, and then carry it over the fixed 
pulley C, we may lift a force of 100 pounds at W by an application of 50 
pounds at P. To understand this, we must remember that the weight W.ia 
supported by the cords B F and B C on each side of the movable pulley B; 
and as each are equally stretched, the weight must be equally divided be- 
tween them ; or, in other words, the i)oint of support, F, sustains half th© 
weight, and the power, P, the other half A person, therefore, pullmg at IJ 
will raise the weight by exerting a force equal to its half But the cord at P 
must move through two feet to raise the weight W one foot. 

When still greater power is required, pulleys are compounded into a system 
containing two more smgle puUejrs, called Blocks, and these again are com- 
bined in a compound system of fixed and movable pulleys. 

A single movable pulley may be so arranged that the power will sustain 
three times its own weight Such an arrangement is represented in Fig. 83. 



What is the ad- 
vantage gained 
by the use of a 
morable pul- 
ley? 
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In this we have four cords, one employed in sustaining the 
power, P, and tlie other sustaining the weight; conse- 
quently the power will be to the weight as 1 to 3. In 
Fig. 84, we have two blocks, each containing two single 
pulleys. The rope is thus divided into five portions, each 
equally stretched; one is employed in supporting the 
power P, and four sustain the weight With this system 
a power of I will balance a weight of 4. 

226. In all these arrangements of pul- 
leys, the increase of power has been gained 
at the expense of time, and the space 
passed over by the power must be double 
the space passed over by the weight, mul- 
tiplied by the number of pulleys. That is, in the case of 
the single pulley, the power must pass over two feet to 
raise the weight one foot; and with two movable pulleys, 
as in Fig. 84, the power must fall four feet to raise the 



FiO. 83. 
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ghined at the 
ex^nse of 
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leyB? 




Fig. 84. 




weight one foot. 

Instead of folding the string on the pulleys entire, it is 
sometimes doubled into separate portions, each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support. Here a very great mechanical advan- 
tage is gained, attended, however, with a corresponding 
loss of time. In an arrangement of such a character, re- 
presented in Fig. 85, the weight W, is supported by the 
two parts of the cord passing round the movable pulley, 
C ; and as each of these parts is equally stretched, the 
fixed support will sustain one half the weight, and the 
next pulley in order above C, namely B, may be consid- 
ered as sustaining the other half But the two parts of 
the string which support the pulley B, again divide the 
weight, so that th^ pulley A, which is attached to one of 
them, only sustains one quarter of the first weight, W, 



The string which passes around A again divides this 
weight, so that each part of it sustains only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore, a 
power of 1 will balance a weight of 8. 

Ho m th ^^'^' ^^ general, the advan- 
advantage tage gained by pulleys is found 
feya be asoer- by multiplying the number of 
° movable pulleys by two, or by 

multiplying the power by the number of 
folds in the rope which sustains the weight, 
where one rope runs through the whole. 



Fig. 86. 
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Thus a weight of 72 pounds may be balanced by four movable pulleys by 
a weight or power of 9 pounds ; with two pulleys, by a power of 18 pounds, 
with one movable pulley, by a power of 36 pounds. 

These rules apply only to movable pulleys in the same block, when the 
parts of the rope which sustain the weight are parallel to each. The mechan- 
ical advantage which the pulley appears to possess in theory, is considerably 
diminished in practice, owing to the stiffness of the ropes, and the friction of 
the ropes and wheels. From these causes it is estimated that two tliirds of 
the power is lost When the parts of the cord are not parallel, the strength 
of the pulley is very greatly dimmished. 

,„^ ^ _ 228. Fixed and mov- 

What are Cranes ,, „ ' , 

and Derricks, able pulleys are arranged 
TackleandFaUf i^ ^ g^^^ ^^^ety of 

forms, but the principle upon which all are 
constructed is the same. What is called a 
" tackle and faU," or " block and tackle," 
is nothing but a pulley. Cranes and 
derricks are pieces of mechanism usually 
consisting of combinations of toothed 
wheels and pulleys, by means of which 
matenals are lifted to different elevations 
— as goods from vessels to the wharves, 
building materials from the ground to 
the stage where the builders are en- 
gaged, and for similar purposes. One 
of the most simple forms of movable 
cranes is represented in Fig. 86. It 
consists of a strong triangular ladder, at 
the top of which is a fixed pulley, C, 
over which the rope attached to the ob- 
ject to be elevated passes, and is carried 
down to the cylindrical axle, T, upon 
which it is wound by means of bars in- 
serted in holes, or by a crank. This 
ladder is inclined more or less from the 
upright position by means of a rope, 
D, which is attached to some fixed point 
at a distance. 

229. The Inclined Plane consists of a hard 
plane surface, inclined at an angle. 




What is an In- 
eUnedBlanef 



lUnstrate the 
use of an In- 
clined Plane. 



In Fig. 87, a & c repre- 
sents an inclined plane. 
230. If we attempt, for 
instance, to raise a cask, or any other 
heavy body into a wagon, we may find 
that our strength is imequal to lifting it 

5* 



Fig. 87. 
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How do we 
derive a me- 
dianical ad- 
vantage from 
an inclined 



How can we 
estimate the 
advantage gain- 
ed by the use 
of the inclined 
plane? 



directly, while to haul it up by pulleys would be very inoonyenient^ if not 
impoflsible. We may, however, acoomplish our object with comparatiye ease 
by rolling the cask up an inclined plank, and exerting our force in a direction 
parallel to the indlned surface of the plank. 

The plank, in this instance, forms an inclined plane, and we 
gain a mechanical advantage^ because it supports a part of 
the weight 

If we place a body upon a horizontal plane, or sur&oe, it ia 
evident that the sur&ce will support its whole weight ; if we 
incline the surface a little^ it will support less of the weight, and as we elevate 
it more, it will contmue to support less and less, until the suiiaoe becomes 
perpendicular, in which case no support will be afforded. 

231. The advantage gained by the use of the inclined plane may be esti* 
mated by the following rule : 

232. The power is to the weight as the per- 
pendicular height of the plane is to its length. 

From this it will appear that the less the height of the in- 
clined plane, and the greater its length, the greater will be 
the mechanical advantage. Thus, in Fig. 88, if the plane, c 

d, be tmcQ as long as the height, e d^ Fia. 88. 

one pound at jj, acting over the pulley, 

would balance two pounds any where 

between c and d. If the plane, c d, 

were three times the length of d e, 

then one pound at p would balance 

three pounds any where on the plane, 

c d, and so of all other quantities and 

proportions. 

233. Koads which are not level may be oonsddered as hi- 
clined planes, and the inclination of a road is estimated by 
the height which corresponds to some proposed length. Thus, 
we say a road rises one foot in twenty, or one in fifty, mean- 
ing that if twenty or fifty feet of the road be taken, as the length of an in- 
clined plane, the corresponding height of such a plane would be one foot, and 
the difference of level between the two extremities of such a length of road 
would be one foot. 

„ According to this method of estimatmg the inclination of 

roads **tcf he roads, the power required to sustain, or draw up a load. Mo- 
aonfltructed ? ^^^ j^q^ considered, is always proportioned to the rate of ele» 
vation. On a level road, the carriage moves when the horse exerts a strength 
sufficient to overcome the fiiction and resistance of the atmosphere ; but in 
going up a hill, where the road rises one foot in twenty, the horse, beside 
these impediments, is obliged to exert an extra force in the proportion of one 
to twenty, or, in other words, he is obliged to lift one twentieth of the load. 
It is, therefore, bad policy ever to construct a road directly over the summit 
of a hill, when it can be avoided, because, in addition to the force necessary 
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to oyeicome the friction in drawing a heavy load up the steep incline^ we 
must add additional force to overcome the gravity, which acts parallel with 
the inclined plane of the road, and tends constantly to make the load roll 
back to the bottom of the slope. This force increases most rapidly with the 
steepness, and consequently requires an immense expenditure of power. 
An equal power expended on a road gently winding round the hill, with an 
increase of speed, would gain the same elevation in much less time. 

An intelligent driver, in ascending a steep hill on which there is a broad 
road, winds from side to side, since by so doing he diminishes the abruptness 
of the ascent (the plane being made longer in proportion to its height), and 
thus &vor8 the horses. 

Our common stairs are inclined planes, the steps bemg merely for the pur- 
pose of obtaining a good foot-hold. 

234. In the inclined plane, as in all other simple machines, 
gaSied"i?The * &^^ ^ power is attended with a corresponding loss of time, 
expense of time A body, in ascending an inclined plane, has a greater space 
^ane ? °* ^ P^s Over than if it should rise perpendicularly. The time, 
therefore, of its ascent will be greater, and it wUl thus oppose 
less resistance, and consequently require less power. 

What is • 235. The Wedge is a movable 

Wedge? inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the inclined plane, the weight moves upon the plane, 
which remains stationary ; bu#in the wedge, the plane itself 
is moved under the weight. 

_ , . 236. The cases in which wedges are most 

are Wedges generally used in the arts, are those in which 
M^ in the g^^ intense force is required to be exerted through a very small 
space. It is, therefore, used for spHtting masses of wood, or 
stone, for blocking up buildings, raising vessels indocks, and pressing out the 
oil from seeds. In this last instance, the seeds are placed in bags, between 
two sur&ces of hard wood, which are pressed together by wedges. 

Upon viiat 237. The usefulness of the wedge depends 

^*^o/°S; on friction ; for if there were no friction, the 
Wedge de. wedge would fly back after each stroke of the 

driving force. 
Hair does «be 238. The powct of the wedge increases as 
^Sge to-"** the length of its back, compared with that of 
"^*^^ its sides, is diminished. Hence, it follows that 

the power of the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressure, but 
percuasion. Its edge being inserted mto a fissure, the wedge is driven in by 
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What are fa- 
miliar exam- 
ples of the UM 
or application 
of the Wedge 
in the arte? 



blows upon its back. Tbe tremor produced when the wedge is strack with 
a violent blow, causes it to insinuate itself much more rapidlj than it othei^ 
wise would. 

239. The edges of all cutting and piercing mstruments^ 
such as knives, razors, chisels, nails, pins, etc, are wedgea 
The angle of the wedge m all these cases is more or 
less acute, according to the purpose to which it is applied. 
Chisels intended to cut wood have their edges at an angle of 
about 30°; for cutting iron from 60° to 60°, and for brass about 80° to 90°. 
In general, tools which are urged by pressure admit of being sharper than 
those which are driven by percussion. The softer, or more yielding the sub- 
stance to be divided is, the more acute the wedge may be constructed. 

What ia the 240. The Screw is an inclined plane wind- 

^^^^ ing round a cylinder. 

This may be illustrated by cutting a strip FiQ. 90. 

of paper in such a way as to represent an in- 
clined plane^ and then winding it round a 
cylinder, or common lead-pencil, as is repre- 
sented in Fig. 90. 

^ , , ,^ 241. The edge of the 

What is the .,..,, ^ . , . 

Thread of • mclined plane winding 
about the cylindei:, or 
the coil of the spiral line which 
it describes upon the cylinder, con-% 
Btitutes the Thread of the screw, 
and the distance between the suc- 
cessive coils is called the distance 
between the threads. 

The screw, surrounded by its spiral line is represented in Big. 91. 

The screw is not applied directly to the resistance to be Fio. 91. 
overcome, as in tbe case of the inclined plane and wedge, but 
the power is transmitted by means of what is called the Nut. 

What is the 242. The Nut of a screw is a 
Natofascrewj y^^k, with a cylindricajl cavity, 
having a spiral groove cut round upon the 
surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causing 
the screw to rotate. Each turn of the screw in the nut will cause it to advauoo 
or recede a distance just equal to the interval between the threads. 
Is the Bcreir, Generally, the nut is stationary and the screw movable, bufc. 
mova^?^"** the nut may be movable^ and the screw stationary. 
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How is power ^*^' ^^^®^ ^ commonly applied to the scare wr by means of 
applied to the a lever, either attached to the nut, or to the head of the screw, 
^*^^ ^ as seen in Fig. 92. By varying the length of this, the power 

may be indefinitely increased at the pomt of resistance. The screw, there- 
Ibre, acts with the combined power of the lever and the inclined plane. 

Thus, in Fig. 92, /d is the lever, c the nut, 
a d the screw, and e the block upon which the 
substance to be pressed is placed. As in all the 
other simple machines, the advantage in this is 
estimated by the relative distances passed over 
by the power and the weight If the distance 
of the spiral threads of the screw is 1 inch, and 
the handle of the screw, that is the lever, is 2 
feet in length, then the extremity of the lever 
will describe a circle of over 12 feet in turning 
once roand, but the screw will only advance 1 
inch. The ratio between the power and the 
weight will be, therefore, as 1 inch to 12 feet, or 
as 1 to 144. Consequently, if a man is capable 
of exerting a force of 60 pounds at the end of the lever, the screw will ad- 
vance with a force of 8.640 pounds. If the distance of the threads had been 
\ an inch, the power exerted by the screw would have been doubled. In 
this illustration friction has not been taken into account; this will diminish 
the total effect nearly one fourth. 

How is the ad- 244. The advantage gained by the screw is 
S"th?lteOT i^ proportion as the circumference of the circle 
estiinated? descrfbed by the power (that is by the handle 
of the lever) exceeds the distance between the threads of 
the screw. 

Hence tiie enormous mechanical force exerted by the screw is rendered 
evident There is no limit to the smaQness of the distance between the 
threads except the strength it is necessary to give them ; and there is no limit 
to the magnitude of the circumference to be described by the power, except 
the necessary &ciUty for moving it Fia. 93. 

What are fi^ 246. The screw is 
miliar appiica^ generally used where 
SafSr?*' *^® 8^^* pressure is to be 
exerted through small 
spaces; hence its application in presses 
tS all kmds; for extracting the juices 
of seeds and fruits, in compressing cot- 
ton, hay, etc., as also for coining and 
punching. For the two latter opera- 
tions it is caused to act with enor- 
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mous energy by means of the momentum of two heavy bails attached to the 
end of a long lever, or handle, as is represented in Fig. 93. A force of sev- 
eral tons may thus be applied at one effort 

When the thread of a screw Vja oi. 

What ifl an 'Xw. 94b. 

endleM Screir ? ^^rks m the teeth of a wheel, as 

is shown in Fig. 94, it constitutes 
what is called an endless screw. Such a con- 
trivance is oftentimes a very convenient method , 
of applying power. 

246. The efficacy of a screw 

Increases with the fineness of 

the thread ; but a practical limit 

is soon attained, for if the thread 

be made too fine, it will become 
weak, and be liable to be torn off. To obtain 

Fio. 



Describe the 
constmctioii 
ftnd adyantage 
of Hunter's 
Screw. 




95. 




an indefinite increase of the strength of the screw 
without diminishing the strength of the thread, we 
have a contrivance known as " Hunter^s screw," rep- 
resented in Fig. 95. It consists of a screw, A, work- 
ing in a nut To a movable bottom-board, D, a sec- 
ond screw, B, is affixed. This second screw works in 
the interior of A, which is hollow, and 'in which a 
corresponding thread is cut When, therefore, A ia 
screwed downward, the threads of B pass up^n^rd, and 
the movable piece, D, urged forwwd by the screw 
which has the greater thread, it is drawn back by that 
which has the less ; so that during each revolution the 
screw instead of being advanced through a space equal 
to the breadth of either of the threads, moves through a space equal to their 
difference. Suppose the distance between the threads of A to be l-20th of 
an inch, and of B l-2l8t of an inch ; then in turning the screw A once, the 
board D will descend a distance equal to the difference between l-20th and 
1-2 1st, or the l-420th of an mch. Hence, if the circle described by the han- 
dle be 26 inches while the screw advances l-420th of an inch, the power will 
be to the weight as 1 to 8,400. 

247. All machines, however complicated, are made up of combinations of 
the six simple machines. If we examine the construction of any complex ma- 
chine, as a steam-engine, a loom, a spinning machine, or a time-piece, we 
shall find that they are composed of simple levers, wheels and axlee^ 
screws, etc., connected together in an endless variety of forms, to form a 
complete whole. 

I th ovi ^^ *^® practical application of machinery, it rarely or never 

force in ma. happens that the moving force is capable of producing directly, 
the particular kind of motion required by the machine to per- 
form the work to which it is adapted. Expedients must 



ehinery ap- 
plied directly ? 



therefore be resorted to, by means of which the motions which the moving 
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power IS capable of exerting directly can be converted into those which are 
necessaiy for the porpooes to which the machine is applied. 

How many 248. The Varieties of motion which occur in 
tion^'aA' SSl machinery are divided into two classes, viz. : 
cuSS^?''"*' Rotary and RECTiLiigEAR Motion. 
What ia Rota- 249. In Rotaiy Motion, the several parts 
ry Motion r rcvolvc round an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same time. 
What ia Bee ^^^' ^^ RectiUncar Motion, the several parts 
^near Mo- of a moving body proceed in parallel straight 
lines with the same speed. 

Examples of rotaiy motion are seen in all kinds of wheel work, and exam- 
ples of rectilinear motion in the rod of a common pump, the piston of a steam- 
engine, the motion of a straight saw. 

What ia Redo- ^^ rotary and rectilinear motion, if the parts move con- 
rocadng Mo- stantly in the same direction, the motion is called continued 
**** rotaiy, or continued rectilinear motion. If the parts move 

alternately backward and forward in opposite directions, passing over the 
same spaces from end to end contmually, the motion is called reciprocating 
motion. 

Hoir are rota- 251. The n^fthod by which a power having one of these 
lyand radpro- motions may be made to communicate the same or a different 
converted into ^^d of motion, involves a lengthy description of a great 
each other? variety of machinery; but the most simple and common plan 
of converting rotary motion into rectilinear, and rectilinear motion back again 
mto rotary, is by means of what is called a Orank. 

What ia a 252. Thc Crank is a double winch, or haD- 
crankf jj^^ ^^^ ^ formed by bending an axle so as 
to form four right angles, facing in opposite directions. 

It is represented complete in Pig. 96. Attached _ 

to the middle of C D, by a joint, G, is a rod, H, ^' 

which is the means of imparting power to the crank. 
This rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a ■ 
circular motion round the axle A F.* 
What disad- "^^ disadvantage attending the 
▼antages at- use of the crank is, that it is incapa- „ 

oftoe CTankT ^^® ^^ transmitting a constant force 

to the resistance^ This is illustrated in Fig. 97. In No. 1, 

* The tenna axis, aade, arbor, and shaft, in meehanlea, are gmenOIy nnderstood to 
mean the bar, or rod, which paraes through the center of a wheeL A gudgeon ig the pin, 
or support, on which a horizontal shaft turns ; the pins upon which an upright shaft tuma 
are called pivota. 
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No. 1. 



FiO. 97. 




Ko. 2, 



where the ann of tf^e crank is horizontal, the power 
fi>om the rod acts with the greatest advantage, as 
at the extremity of a lever. But when the rod 
which communicates motion stands perpendicular 
with the arm of the crank, as in No. 2, which is 
the Cbse twice during every revolution, the power, 
however great, can exert no effect upon the resist- 
ance, the whole force being expended in pFodudng 
pressure upon the axle and pivots of the crank. 
Such a situation of the rod and the arm of the 
crank is called the dead pointy and when the ma- 
hinery stops, as is often the case, it is said to be 
** get," or "caught on its center." The difficulty is 
generally overcome by the employment of a fly- 
wheel (§ 21), which, by its mertia, keeps up the 
motion. 

SECTION II. 

FRICTION. 

wh f «r«««r 263. The most serious obstacle to the per- 
^°gj>^«' ^ fection of machinery is Friction ; and it is 
lost by friction? ^^uallj considcred to destroy one third of the 

power of a machine. 

254 Friction is of two kinds : sKding and 
SSds otMl rolling. Sliding friction is produced by the 
tion are there? gjj^-^g^ ^j. dragging of ouc suffacc ovcr auothcr ; 
rolling friction is caused by the rolling of a circular body 
upon the surface of another. 

Friction increases as the weight, or pressure increases, as 
the surfaces in contact are more extensive, and as the rough- 
ness of the surfaces increase. With surfeoes of the same 
material, Mction is nearly proportional to the pressure. 

Friction diminishes as the weight or pressure is less, as -the 
tio7d1Snirt[? polish or smoothness of the moving surfaces is more perfect, 
and as the surfaces in contact are smaller. It may also be 
diminished by applying to the surfaces some unguent, or greasy material; 
oils, tallow, black-lead, etc., are commonly used for this purpose ; they dimin- 
ish friction by filling up the minute cavities and smoothing the irregularities 
that exist upon the surface.* Oils are the best adapted for dunimshing the 
friction of metals, and tallow the friction of wood. 

• All bodies, hoireTer much they may be poUshed, appear rough and uneven when 
examined with a microscope. 



How does fric- 
tion increase ? 
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What are the ^^^' ^^^^^^^ although an obstacle in the working of ma- 
adrantages of chlneiy generally, is not without some advantages Without 
friction? \ friction, the stones and bricks used in building would tend to 

fell apart from one another. When nails and screws are driven into bodies, 
with a view of holding them together, it is friction alone that maintains them 
in their places. The strength of cordage depends on the friction of the short 
fibers of the cotton, flax, or hemp, of which it is composed, which prevents 
them from untwisting. In walking, we are dependent on friction for our 
foothold upon the ground : the difficulty of walking upon smooth ice illus- 
trates this most clearly. Without friction we could not hold any body in the 
hand; the difficulty of holding a lump of ice is an example of this. Without 
friction, the locomotive could not propel its load; for if the tire of the driving 
wheel and the nul were both perfectly smoothi one would slip upon the other 
without affording the requisite adhesioa 

256. Experiments seem to show that the friction of two 
tion between sur&oes of the same substance is generally greater than the 
difflfereSt* 80S friction of two unlike substances. The friction of polished 
stances com- steel agaanst polished steel, is greater than that of polished 
P"®' steel upon copper, or on brass. So of wood and various 
other metals. 

257. For transporting very heavy timbers, or large castings, 
^^i" ubS wheels of great size are used, as by their use the weight is 
for transport- moved with greater facility, and the roughness of the road 
wdghtB? ^^ ™^® easily overcome than with small wheels. The reason 

of this is, that the large wheels bridge over the cavities of the 
road, instead of sinking into them; and in surmountlag an obstacle, the large 
drcumferenoe of the wheel, causes the load to rise very gradually. 

The resistance of sliding friction is much greater than that of rolling fric- 
tion. In the wheel of a carriage there is rolling friction at the circumference 
of the wheel, but sliding friction at 1^ axles. In a locomotive, the so-called 
drivhig wheels are turned by the force of the steam-engine ; the whole car^ 
riage rolls on in consequence of this rotation ; for if the locomotive were to 
remaui at rest, the wheels could not revolve without sliding on the rails, and 
overcoming a great amount of sliding friction ; but by rolling, the wheels have 
only the much smaller rolling friction to overcome. The machine, therefore, 
moves onward, this being the direction in which its motion will experience 
the least resistance. 

The load which a locomotive is capable of drawmg depends, not only upon 
file force of its steam power, but also upon the weight of the engine, or, in 
other words, upon the pressure of the driving wheels upon the rails, the fric- 
tion increasing with the pressure. If we assume that two locomotives have 
equally strong engines, but that one is heavier than the other, a greater 
weight vnll be propelled by the heavier of the two. 

Friction is generally resorted to as the most convenient method of retard- 
ing the motion of bodies, and bringing them to rest. The diflTerent modifica- 
tions of machinery employed for this purpose are termed Brakes, 
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PRACTICAL PROBLEMS IN MECHANICS. 

1. What must be tihe horae-poirer of a loeomotire engine which moves at the constant 
•peed of 25 miles per hour, on a level track, the weight of the train being 60 tons, and the 
resistance from friction being equal to 480 pounds? 

2. If a lever, twelve feetlongt have its fulcrum 4 feet firom the weight at one end, and 
this weight be 12 pounds, what power at the other end will balance ? 

3. In a lever of the first class a power of 20 at one end balances a weight of 100 at the 
other : what is the comparative length of the two arms 7 

4. In a lever of the first class, 6 feet in length, the power is 75, and the weight 15D 
pounds : where must the fulcrum be placed in order that the two may balance ? 

5. Two persons carry a weight of 200 pounds suspended from a pole 10 feet long ; one 
of them being weak can carry only 75 pounds, leaving the rest of the load to be carried 
by the other : how far from the end of the p<de mtist the weight be suspended f 

6- A lever of the second class is 20 feet long : at what distance from the fulcrum most 
• weight of 80 ponnds be placed in order that it may be sustained by a power of 60 
pounds f 

7. In a lever of the third dass, 8 feet long, what power will be required to balance • 
weight of 100 pounds, the power being applied at a distance of 2 feet from the fulcrum? 

8. A power of 6 pounds is required to lift a weight of 20, by means of the wheel and 
. axle : what must be the proportionate diameters of the wheel and axle ? 

9. A power of 60 acts on a wheel 8 feet in diameter : what weight suspended, firom a 
rope winding round an axle 10 inches in diameter will balance this power ? 

10 In a set of cog-wheels the diameters of wheel and axle are, first 7 and S, 
second 8 and 1, third 9 and 1 : a power of 25 being applied at the circumference of the 
first wheel, what weight will be sustained at the axle of the third ? 

IL What weight will a power of 8 sustidn with a system of 4 movable pulleys, one 
cord passing round all of them? 

12. Suppose a power of 100 pounds mppUed to a set of 2 movable pulleys, what weight 
will it sustain, allowing a deduction of two thirds for friction ? 

13. If a man is able to draw a we^ht of 200 pounds up a perpendicular wall 10 feet 
high, how much will he be able to draw np a plank 40 feet long, sloping ftom the top of 
the wall to the ground, no allowance being made for friction ? 

SoluthrL—ln this the height (10) is to the length (40) as the weight (900) is to the re* 
quired weight. 

14. If a man has just strength enough to lift a cask weighing 196 pounds perpendicu- 
larly into a wagon 3 feet high, what weight could he raise by means of a plank 10 feet 
long, with one end resting upon the wagon, and the other on the ground? 

15. The length of a plane is 12 feet, the height is 4 feet : what is the proportion of tha 
power to the weight to be raised ? 

16. The distance between the threads of a screw being half an inch, and the circumfer- 
ence described by the power 10 feet, what proportion will exist between the power and 
the weight? 

8oluHon.--The power win be to the weight as half an inch, the distance between the 
threads, is to 10 feet (240 half inches), the circumference described by the power-1 to 240. 

17. A power of 20 pounds acting at the end of a lever attached to a screw describes a 
drde of 100 inches: what resistance will the power overcome, the distance between tin 
threads of the screw being 2 inches? 



CHAPTER VII. 

ON THE STRENGTH OP MATERIALS USED IN THE ARTS, AND 
THEIR APPLICATION TO ARCHITECTURAL PURPOSES. 



SECTION I. 

ON THE STRENQTH OF MATERIALS. 



uponirhatdoes 258. Whkn materials are employed for . 
?LatSS*d^ mechanical purposes, their power, or strength, 
pend? £jjj, resisting external force, apart from the na- 

ture of the material, depends upon the shape of the 
material, its bearing, or manner of support, and the nature 
of the force applied to it. 

Under what dr- 259. A beam, or bar, will sustain the greatest 
rbSm^SstlS application of force, when the strain is in the 
forcef**^* direction of its length. 

260. The strongest of all metals for resisting tension, or a 
Btrength?f dl^ ^©ct pull, is iron in the condition of tempered steel The 
ferent sobstaa- strength of metals is affected by their temperature, being 
**** ^"^ diminished, in general, aa their temperature is raised. Wood 

of the same kind is subjected to very great variations of strength. Trees 
that grow in mountainous or windy places, have greater strength than 
those which grow on plains; and the different parts of a tree, such as the 
root, trunk, and branches, possess different degrees of strength. Cords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fibers of these strands. Ropes which are damp^ 
are stronger than those which are dry ; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleached. Other 
things being equal, a rope of silk is three times stronger than a rope of flax. 

How does the 261. Of two bodies of similar shape, but of 
J^ct^ iJ^^ different sizes, the larger is proportionably the 
strength? weaker.* 

* A kDoirledge of the strength of Tarioas materlalB in resisting the action of forces ex- 
erted in different directions, is of great importance in the arts. In the following tahles 
ftre collected the results of the most recent and extensive experiments upon this suhject. 
The bodies sal^Jected to experiment are supposed to be in the form of long rods, the cross- 
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That a large body may have the proportionate strength of a smaller, it must 
contain a greater proportionate amount of material ; and beyond a certam 
limit, no proportions whatever will keep it together, but it will &11 to pieces 
by its own weight This fact limits the size, and modifies the shape of most 
productions of nature and art— of trees, of animals, of architectural or mechan- 
ical structuresL 

In what poBi- 262. The strength of a rectangular beam, or 
toTl^uir*!)^ * beam in the form of a parallelogram, when 
fhestrongeetr j^ narrow side is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
. that the width of its broad side is greater than the width 
of its narrow side. 

Hence, in all parts of structures where beams are. subjected to transverse 
strain, as in the rafters of roofe, floors, etc^ they are always placed with their 
narrow sides horizontal, and their broad sides vertical. 

Mctlon of whUA measares a sqnare inch ; in the second column is ^Ten the amount of 
breaking weights, which are the measure of their strength in resisting a direct pnIL 



Name, 
1st Metals;— 
Steel, tempered. . . .from 114794 to 153471 



Iron, har. 

— plate, rolled.. 

— wire 

— Swedish mal« 

leable 

— English do. . 

— cast. 

Silver, cast 

Copper, do. 

— hammered. 
Brass, cast 

— wire 

— plate 

Gold 

Tin. 



63182 — 84611 

53920 

68736 ->112905 

72064 

66S72 

16243 — 19464 

40997 

20320—87380 

87770 — 89968 

17947 — 19472 

47114 — 66931 

62240 

20400—66287 



Name. 
Metals;— 

Tin, cast ftrom 

Zinc " 

Lead, wire. " 

2d. "Woods;— 

Teak " 

Sycamore. " 

Beech " 

Elm " 

Larch " 

Oak *' 

Alder " 

Box •* 

Ash " 

Pine " 

Fir " 



4736 
V;820 
2643 to 



12916—15406 



9720 — 16040 
10240 

10367—26651 
11453 — 81780 
14210—84043 
1S480— 88465 
10038—14965 

6091 — 12876 



The following table shows the average wdghts sustained, by wires of diiTerent metals, 
each having a diameter of about one twelfth of an inch ; 

Lead 27 pounds, i Silver 187 pounds. 

Tin 84 " ! Platinum 274 " 

Zinc 100 " Copper SOB •♦ 

Gold 150 " I Iron 549 " 

Cords of different materials, but of the same diameter, sustained the following weights : 

Common flax 1175poundaL I New Zealand flax 2380poundsL 

Hemp 1688 " j Silk .3400 " 

The following table shows the weights ncecsiary to crush columns or pillars composed 
of different metals; the numbers expressed in the second column being the total crush- 
ing weight in lbs. per square inch : 



Ibt. 



lb*. 



Name. 
Ist Metals: 

Cast iron from 116818 to 177776 

Brass, fine " 164864 

Copper, molten.... " 117068 

— hammered. " 108040 

Tin, molten *« 16466 

Lead, molten ** 7728 



NaoM. 
2d. Woods:— 
Oak. 


Iba. Iba. 
..from 3860 to 6147 


Pine 


.. " 1928 


Elm 


.. " 1284 


8d. Stones:— 

Granite 

Sandstone 

Brick. weU baked.. 


.. " ^0 
" 2666 

.. " 1003 



ON THE STBENQTH OF HATEBIALS. 
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The strength of a structure depends, in a very great degree, on the manner 
In which the several parts are joined together, and by a skillful combination^ 
or interlocking, very weak and fragile materials may be made to resist the 
action of powerful forces. Examples of this occur in the manufacture of 
ropes, strings, thread, etc. ; in the weaving of baskets, and especially in the 
•tnicture of doth; in this last instance, a series of parallel threads called the 



Fig. 98. 






siis^^ 



K^oo/ is made to interlock with 
another series of threads called 
the warpj running transversely 
across, and passing alternately 
over and under the first series. 
Fig. 98 represents the appear- 
ance of a piece of plain cloth 
seen through the microscope; 
the alternate intersections of 
the threads are seen in the 
lower figure, the dots repre- 
eentmg the ends of the warp 
threads, and the cross Ime the woof 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, seveml 
beams may be joined together, iu a variety of ways, so that 
very great strength is obtained without a very great increase 
of bulk. Such methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, mortis- 
ing, etc. 

FiO. 99. 





264. Scarfing and interlocking is the methol 

tng and inter- of iusertiou iu which the ends of pieces over- 

^ lay each other, and are indented together, so 

as to resist the longitudinal strain by extension, as in tie 

bearers and the ends of hoops. (See Fig. 99.) 

265. Tonguing is that method of insertion in which the 
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What is 
loDguing? 



edges of boards are wholly, or partially received 
by channels in each other. 



What is dove- 
taiUag? 

which the 



What is mor- 
tising? 



Fig. 100. 




266. Dovetailing is a 
method of insertion in 
parts are connected hy 

toedge-shaped indentations which per- 
mit them to be separated only in one 
direction. (See Fig. 100.) 

267. Mortising is a method of insertion in 
which the projecting extremity of one timber is 

received into a perforation in another. (See Fig. 101.) The 

opening or hole cut in 
one piece of wood to re- 
ceive or admit the pro- 
jecting extremity of an- 
other piece, is called a 



Fig. 101. 




mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fitted into a mor- 
tise, for fastening two timbers together, is called a tenon. 
268. The form in which a given quantity of 
matter can be arranged in wder to oppose the 
greatest resistance to a bending force, is that 
of a hollow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 
of the same quantity of matter made into a solid rod. 

The most beautiful and striking illustrations of this princi- 
lustrations of pie occur in nature. The bones of men and animals are hol- 
this principle ? j^^^ ^nd nearly cylindrical, because they can in this form, 
with the least weight of material, sustain the greatest force. The stalks of 
numerous species of vegetables, especially the grain-bearing plants, as wheals 
rice, oats, etc, which are required to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
lightness, is most remarkable. In this form they not only sustain the crush- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purposes, especially 
those made of metal, this principle is taken advantage of* 
* In that most gigantic vork of modem engineering, the Britannia Tabular Bridget 



In what form 
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pose the great- 
est resistance ? 
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^^ 269. A beam, supported at its two ends, when bent by its 
1>eut in the weight in the middle, has its liability to break greatly in- 
to^breSk?^^* creased, because the destroying force acts with the advantage 
of a long lever, reaching from tlie end of the beam to the cen- 
ter ; and the resisting force or strength acts only with the force of a short lever 
from the side to the center; at the same time, a little only of the beam on the 
under side is allowed to resist at all 

This last drcumstance is so remarkable, that the scratch of a pin on the 
under side of a beam, resting as here supposed, will sometimes suffice to begin 
the fracture. 

SECTION II. 

APPLICATION OF UATEBIAIS FOB ABCHITBCTI7RAL OB STBUCmTRAL PX7BP0SES. 

whattoArehi. 270. Architecture, in its general sense, is the 
^^"^^ art of erecting buildings. In modern use, the 
name is often restricted to the external forms, or styles of 
buildings. 

To irhat do The diflTerent varieHeB of architecture Undoubtedly owe their 
the different origin to the rude structures which the climate or materials of 
architecture^' any country obliged its early mhabitants to adopt for tempo- 
probabljr owe rary shelter. These structures, with ail their prominent fea- 
their origin? tures, have been afterward kept up by their refined and 
opulent posterity. Thus the Egyptian style of architecture had its origin in 
the cavern, or mound. The Chinese architecture is modeled firom a tent; the 
Grecian is modeled firom the wooden cabin ; and the Gothic, it has been sug- 
gested, fix)m the bower of trees. 

oa what does 271. The Strength of a building will princi- 
^bniwinfprilf. pally depend on the walls being laid on a good 
dpaiiydepend? g^jj^ gyjjj fouudation, of Sufficient thickness at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend upon a proper arrangement of its 
parts. 

erossing the Henai Straits, vhieh separate the island of Anglesea from the mahiland of 
Great Britain, advantage has been taken of the strength of matter arranged in the form 
of a tahe or hoUotr cylinder. The entire bridge is formed of immense rectanguhir tubes 
of iron, 26 feet high in the center, 14 feet wide, and having an entire length of 1613 feet, 
with an elevation above the water of more than 100 feet The sides of the tabes are also 
composed of smaller tabes, nnited together in a peculiar manner, bo as to obtain the 
masdmiim of strength from the form of stmctare; and so great is this strength, that a 
train of loaded ears, weighing 280 tons, and impelled with great velocity, deflects the 
tabes in their centers less than three fourths of an inch. The entire weight of the tubes 
composing this bridge Is upward of 10,500 tons, the length of two of the spans, or distances 
between the points of support, being 460 feet each. The same amount of iron in the tana 
•fa solid rod or beam, woold not probably have sustained its own weight. 



120 WELLS'S NATURAL PHILOSOPHY. 

,^ , ., , 272. A PILE, in architecture and engineei- 

Whatiaapile? .. ,. in -, i., 

mg, 18 a cylinder of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to serve 
as a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
ation could not otherwise be obtaiqed. 

Why are col- ^^ constructing columns for the support of the various parts 
Dmnfi support- of a building, or of great weights, they are made smaller at 
larger ^t rtS *^® *^P *^*^ ^^ *^® bottom, because the lower part of the 
bottom than column must sustain not only the weight of the superior part, 
® *®^ but also the weight which presses equally on the whole 

coliunn. Therefore the thickness of the column sliould gradually decrease 
from bottom to top. 

What Is an 273. Au ARCH is a coucavo or hollow struct- 
arch? ^j,Q^ generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 
all the other parts constituting the curve are sustained in their positions by 
their mutual pressure, and by the adhesion of the cement interposed between 
their surfaces. 

A continued arch is termed a vault. 

An arch is capable of resisting a much greater amount of 
stronger than pressure than a horizontal or rectangular structure constructed 
*tru ^°^^?°**^ ^^ *^® ®*™® materials, because the arrangement of the mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
the arch alike, and they are therefore in no danger of being torn or overcome 



274. The vertical wall which sustains the base of an arch 

abatment?^^ IS termed an abutment: when there are two contiguous 

arches, the intermediate supporting wall is called a pier. 

A beautiful application of the principles of the arch exists 

lustrations of ^ the human skull, protecting the brain. The materials are 

*^e principles here arranged in such a way as to afford the greatest strength 

with the least weight The sh6ll of an egg is constructed 

upon the principle of the arch ; and it is almost impossible to break an egg 

with the hands, by pressing directly upon its ends. A thin watch-glass, for 

the same reason, sustains great pressure. A dished or arched wheel of a 

carriage is many times stronger to resist all kinds of shocks than a perfectly 

fiat wheel A full cask may fall without damage, when a strong square box 

would be dashed to pieces. 

What is an 275. By an order in architecture we under- 
oi^e^in archi- g|.^j^^ ^ certain mode of arranging and decor- 
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ating a column, and the adjacent parts of the structare 
which it supports or adorns. 

How many or- 276. Fivc ordcrs arc recognized in architec- 
SSire "^'Si ture— the Doric, Ionic, and. Corinthian, de- 
then? rived from the Greeks ; to these the Komans 
sidded two others,, known as the Tuscan and Composite. 
What i« a Pi- 277. A Pilaster is a square column gener- 

^*®'^ ally set within a wall, and not standing alone. 
whatiaaPor- 278. A Portico is a continued range of col- 

***"' umns, covered at the top to shelter from the 

weather. 
What are Bai- 279. Balustcrs arc small columns, or pillars 

QBterar ^f wood, stoue, etc., used in terraces or tops 
of buildings for ornament ; also to support a railing. When 
continued for some distance, they form a balustrade. 
Into trhat two 280. Au ordcr, in architecture, consists of 
SaS^TiTarcS *wo principal members — the column and the 
tecturedMded? eutabl iturc — cach of which is divided into 
three principal parts. 

What is the 281. The Entablature is the horizontal con- 
Entabiatnre? tinuous portiou which TCsts upou a row of 
columns. 

Into how many It is divided into the architrave, which is the lower part of 
parte is the En- ^q Entablature; the frieze, which is the middle part: and 
tablatare di- ^^ ,.. . . ^.i. • x- _x 

Tided? the cornice, which is the upper, or projecting part 

, ^ 282. The column is divided into the base. 

Into how many , ' 

parts i« the the shaft, and the capital. 

Golamn divided ? 

The base is the lower part, distinct from the shaft ; the 

shaft is the middle, or longest part of the column ; the capital is the upper, oi 
ornamental part resting on the shaft. 

The height of a column i^ always measured in diameters of the column 
ftselC taken at the base of the shaft. Thus we say the height of the Doric 
column is six times its diameter, and the height of the Corinthian, ten diam- 
eters. Hg. 102 represents the various parts of an order of architecture. 

What 18 the 283. The Fa9ade of a building is its whole 

FacHde of a frnnf 

Architecture ought to be considered as a useful, and not as 
a fine art It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold a candle, or a fine 

6 
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painting stand as a fire-board. Our houses are for use, and architecture isi 
therefore, one of the useful arts. In building, we should plan the inside first, 
and then the outside to cover it It is in bad taste to construct a dwelling- 
house in the form of a Grecian temple, because a Grecian temple was intended 
for external worship, hot for a habitation, or a place of meeting.* 

Pio. 102. 



SntabUtore.. 



Column. 



Stylobate, or Pe- 
<<ostal 




flow may an 
esttmate of the 
durability of 
stone for archi- 
tectural pur- 
poses be made? 



284. In selecting a stone for architectural purposes, we maj 
be able to form an opinion respecting its durability and per- 
manence. ' By visiting the locaUty from whence it was ob- 
tained, we may judge from the surfaces which have been long 
exposed to the weather if the rock is liable to yield to atmos- 
pheric influences, and the conditions under which it does so. For example, 
if the rock be a granite, and it be very uneven and rough, it may be inferred 
that it is not very durable; that the feldspar, which forms one of its compo- 

* Prof. Henry. 
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nent parts, is more readily decomposed by the action of moisture and frost 
than the quartz, which is another ingredient; and therefore it is very unsuit- 
able for building purposes. Moreover, if it possess an iron-brown or rusty 
appearance^ it may be set down as highly perishable, owing to the attraction 
which this iron has for oxygen, causing the rock to increase in bulk, and so 



Sa2«dstones, termed freestones, are ill adapted for the external portions of 
exposed buildings, because they readily absorb moisture; and in countries 
where frosts occur, the freezing of the water on the wet surfiice continually 
peels off the external portions, and thus, in time, all ornamental work upon 
toe stone will be de&ced or destroyed. 



CHAPTER VIII. 

HYDROSTATICS. 

SSLif Hy! ^^' Hydrostatics is that department of 
drostaticsr Physical Science which treats of the weight, 
pressure, and equilibrium of water,* and other liquids at 
rest. 

* Water is a flnid composed of oxygen and hydrogen, in the proportion of 8 parts of 
oxygen to 1 of hydrogen. It is one of the most abnndant of all substances, constituting 
three fourths of the ireight of living animals and plants, and covering about three-fifths 
of the earth* s snrfaee, in the form of oceans, seas, lakes, and rivers. 

In the northern hemisphere Uie proportion of land to water is as 419 to 1000 ; irhile in 
the southern hemisphere it is as 129 to 1000. The maximum depth of the ocean has never 
been ascertained. Soundings were obtained in the South Atlantic in 1S$3, between Rio 
Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or about 9 miles. Other 
sonndings, made during the recent U. S. survey of the Gulf Stream, extended to the 
depth of 34,200 feet without finding bottom. The average depth of the ocean has been 
estimated at about 3000 fathoms. 

Notwithstanding this apparent Immensity of the ocean, yet, CQmpared with the whole 
bulk of the eartli, it is a mere film upon its surface ; and if its depth were represented on 
an ordinary globe, it would hardly exceed the coating of varnish placed there by the 
manufacturer. 

The source of all our terrestrial waters is the ocean. By the action of evaporation upon 
its surface, a portion of its water is constantly rising into the atmosphere in the form of 
vapor, which again descends in the form of rain, dew, fog, etc. These waters combine to 
form springs and rivers, which all at last discharge into the ocean, the point fh)m which 
they originally came, thus forming a constant round and circulation. »* All the rivers 
run into the sea, yet the sea ia not full," because the quantity of water evaporated from 
the sea exactly equals the quantity poured into it by the rivers. In nature, water is 
never found perfectly pure ; that which descends as rain is contaminated by the impuri- 
ties it washes out of the air; that which rises in springs by the substances it meets with 
in the eartli. Any water which contains less than fifteen grains of solid mineral matter in 
a gallon, is considered as comparatively pnre. Some natural waters are known so pure 
that they contain only l-20th of a grain of mineral matter to the gallon, but such instances 
are very rare. Water obtained from di£krent sources may be classed, as regards coo- 
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^reidbto'^*2S 286. Liquids have but a slight degree of 
eiw*»o' compressibility and elasticity, as compared 

with other bodies. 

.^^ 287. The elasticity of water may be shown in Tarions ways, 

trattons of the When a flat stone is thrown so as to strike the sur&ce of 
^rtidtyofva- ,^^^j^^ nearly horizontally, or at a slight angle, it rebounds 

with considerable force and frequency. Water also dashed 
against a hard 8ur£3u» shows its elasticity by flying off in drops in angular 
directions. Another familiar example of the elasticity of water is observed, 
when we attempt to separate a drop of water attached to some sur&ce for 
which it has a strong attraction. The drop will elongate, or allow itself to be 
drawn out to a considerable degree, before the cohesion of its constituent par- 
ticles is wholly overcome; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will restore the drop to very nearly 
Its original form and position. Mercury is much more elastic than water, and 
rebounds from a reflecting sur&ce with considerable velocity and violence. 
The exerdae of both the elastic and compressive principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes this form of matter ia 
regarded as inelastic and uncompressible ; or, in other words, the elastidty 
and compressibility of water produce no appreciable effects. 
To what ex- "^^^ compressibility of water is not so easOy demonstrated 
t^nt has water as is its elasticity, although the elasticity is a direct conse- 
preMed?™" quent of the compressibility. An experiment of Mr. Perkins 

showed that water, under a pressure of 15,000 pounds to the 
square inch, was reduced in bulk 1 part in 24. 

In what man- ^^^' ^ ^^^^ bodies, as has been already shown (§§ 34, 
nerdothepar. 36), the attractive and repulsive forces existing between the 
move**^pon Particles are so nearly balanced, that the particles move upon 
each other r each other with the greatest &cility. The particles which 

make up a collection of fine sand, or dust, also move upon 
each other with great fiunlity : but the particles of a liquid possess this addi- 
tional quality, viz., that of moving upon themselves without friction. The 
particles of no solid'substance, however fine they may be rendered, possess 
this property. 

289. From this is derived a great fundamental principle lying at the basis 
of all the mechanical phenomena connected with Uquid bodies, viz. : — 

paratiTe parity, as follows ; Rain water must be considered as the pnrest natnral wate-, 
eq>eciall7 that which falls in districts remote firom towns or habitations; then comet 
rirer water; next, the water of lakes and ponds; next, spring waters ; and then tl.« 
waters of mineral springs. Succeeding these, are the waters of great arms of the ocean, 
into whidi immense rivers discharge their volumes, as the water of the Black Sea, whidi 
is only brackish ; then the waters of the ocean itself: then those of the Mediterranean 
and other inland seas; and last of all, the waters of those lakes which have no outlet, aa 
the Dead Sea, Caspian, Great Salt Lake of Utah, etc ete. 

All natural waters contain air, and sometimes other gaseons substances. Fishes and 
other marine animals are dependant upon the air which water contains for their respira- 
tton and existence. It is owing to the presence of air in water that it qMurkles and 
bubbles. 
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What great law 
eonstitatea the 
hasifl of all the 
mechanical 
phenomena of 
Uqaida? 




290. Liquids transmit pressure equally in 
all directions. 

This' remarkable property constitutes a very characteristio 
distinctioa between solids and liquids ; since solids transmit 
pressure only in one direction, viz., in the line of the direction 

of the force acting upon them, while liquids press equally in all directioni^ 

upward, downward, and sideways. 

«. _^. .•. la order to obtain a dear Fig. 103. 

niastrate the , . ,. - , 

ciuaUtj of understanding of the prmci- 

Jid?*^ ^ ^' P^® ^^ *^® equality of pressure 
in liquids, let us suppose a 

vessel, Fig. 103, of any form, m the sides of 

which are several tubular openings, ABC 

D £, each closed, by a movable piston. If 

now we exert upon the top of the piston at 

A, a downward pressure of 20 pounds, this 

pressure will be communicated to the water, 

wliich will transmit it equally to the internal 

£ice of all the other pistons, each of which 

will be forced outward with a pressure equal to 20 pounds, provided their 

sur&ees in contact with the water are each equal lo that of the first piston. 

But the same pressure exerted on the piston? is equally exerted upon ail parts 

of the sides of the vessel, and therefore a pressure of 20 pounds upon a square 

inch of the sur&ce of the piston A, will produce a pressure of 20 pounds upon 

every square inch of the interior of the sur&ce of the vessel containing the 

Hquid. 

Fxa. 104. The same principle may 

also be shown by another 
experiment. Suppose a 
cylinder, Fig. 104, in which 
a piston is fitted, to termi- 
nate in a globe, upon the 
sides of which are little 
tubular openings. If the 
globe and the cylhider are 
filled with water, and the 
piston pressed down, the 

liquid will jot out equally from all the orifices, and not solely torn the one 

which is in a direct line with, and opposite to the piston. 

291. This property of transmittmg pressure equally and 

ner^y aUqT fiwly in every direction, is one in virtue of which a liquid 

°** ^V^ -" • becomes a machine, and can be made to receive, distribute, 

madiine? « j • i 

and apply power. Thus, if water be confined m a vessel, 

and a mechanical force exerted on any portion of it, this foroe will be at once 

transmitted tiiroughout the entire mass of liquid. 




I. 
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What ifl the Hy- The eflTects of the practical application of this principle aro 
drortatie Pwna- go remarkable that it has been cxilled the Hydrostatic Parar 
dox, since the weight, or force, of one pound, applied through 
the medium of an extended surface of some liquid, may be made to produce 
a pressure of hundredSi or even thousands of pounds. Thus, in Fig. 105, A 
FlO. 105 ^^^ ^ ^^^ ^^ cylinders oontaimng. water connected 

by a pipe, each fitted with a piston in such a way as 
to render the whole a dose vessel. Suppose the 
area of the base of the piston, p, to be one square 
i^ inch, and the area of the base of the piston, P, to be 
1,000 square inches. Now any pressure appUed to 
the small piston will be transmitted by the water to 
the large piston ; so that every portion of surface in 
the large piston will be pressed upward with the 
same force that an equal portion of the surfiioe in the small piston is pressed 
downward. A pressure, therefore, of 1 pound acting on the base of the pis- 
ton |>, will exert an outward pressure of 1,000 pounds acting on the base of 
the piston P; so that a weight of 1 pound resting upon the piston p^ would 
support a weight of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing 
?^^ ^V^ firom that of like forces acting on a lever having unequal 
in the Hydro- arms m the proportion of 1 to 1,000. A weight of 1 pound 
■tatic ^''^^j^ acting on the longer arm of such a lever, would support^ or 
the forces act- raise a weight of 1,000 pounds acting on the shorter arm. 
5l*leyer f™* ^® ^^^^ oontamed m the vessel, in the present case, acts 
as the lever, and the inner sur&ce of the vessel containing 
it acts as the fulcrum. If the piston p descends one inch, a quantity of 
water which occupies one inch of the cylinder a will be expelled from it^ and 
as the vessel A a is filled in every part, the piston P must be forced upward 
until space is obtained for the water which has been expelled from the cylin- 
der Ow But as the sectional area of A is 1,000 times greater than that of a» 
the height through which the piston P must be raised to give this space, will 
be 1,000 times less than that through which the piston p has descended. 
Therefore, while the weight of 1 pound on p has moved through X inch, the 
weight of 1,000 pounds on P will be raised through only l-l,000th part of an 
inch. If this process ^ere repeated a thousand times the weight of 1,000 
pounds on P would be raised through 1 inch ; but in accomplishing this, tho 
weight of 1 pound acting on P would be moved successively through 1,000 
mches. The mechanical action, therefore, of the power in this case, is ex- 
pressed by the force of 1 pound acting successively through 1,000 inches^ 
while the mechanical effect produced upon the resistance is expressed by 1,000 
pounds raised through 1 inch.* 

whati.aHy. 292. The Hydraulic, or Hydrostatio 
drauiiePren? Press, is a machine arranged in such a man- 
ner^ that the advantages derived from the principle that 
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liquids transmit pressure equally in all directions, may be 
practically applied. 

The principle of the construction and action of the hydraulic press is ex- 
plained in the preceding paragraph (§291), and Fig. 105, represents a section 
of its several parts: ^^ jq^^ 




Fig. 106 represents the hydraulic press as constructed for practical purposes. 
In a small cylinder, A, the piston of a forcing-pump, P, works by means of 
the hai^dle M. The cylinder of the forcing-pump. A, connects, by means of a 
tube, K, leading from its base, with a large cylinder, B. In this moves also 
a piston, P, having its upper extremity -attached to a movable iron plate^ 
which works freely up and down In a strong upright frame-work, Q. Be- 
tween this plate and the top of the frame-work the substance to be pressed is 
placed. To operate the press, water is raised in the forcing-pump, A, by 
nusing the handle M, fit>m a small reservoir beneath it, a; by depressing the 
handle, the water filling the small cylinder A is forced through a valve, H, 
and the pipe K, into the larger cyUnder B, where it acts to raise the larger 
piston, and causes it to exert its whole force upon the object confined be- 
tween the iron plate and the top of the frame- work. If the area of the base 
c^ the piston j? is a square inch in diameter, and the area of the base of the 
piston P 1,000 square inches, then a downward pressure of one pound on p 
Will exert an upWard pressure of 1,000 poimds on P. 
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As thus constructed, the hydraulic press constitutes the most powerftil 
mechanical engine with which we are acquainted, the limits to its power 
being bounded only by the strength of the machmery and material. By 
means of this press, cotton is pressed into bales, ships are raised from the 
water for repair, chain-cables are tested, etc. etc. 
wm liquids 293. As liquids transmit pressure equally in 
Sr"irSr'^ all directions, it follows that any given portion 
downward? ^f ^ liquid Contained in a vessel will ])ress up- 
ward upon the particles above it, as powerfully as it 
presses downward upon the particles below it. 

This fact may be illustrated by means of 
the apparatus represented in Fig. 107. If 

?*2SSSt? * P***® ®^ ^^^ ^» ^ ^®^^ against the bot- 
tom of a glass tube, g, by means of a string, 
V, and immersed m a vessel of water, the water being up to 
the level n n, the plate B will be sustained in its place by the' 
upward pressure of the water ; to show that this is the case, 
it is only necessary to pour water into the tube ^, until it 
rises to the level n n, when the plate will immediately ikll, 
the upward pressure below the plate B being neutralized 
by the downward pressure of the water in the tube g, 

" Some persons find it difficult to understand why there 
should be an upward pressure in a mass of liquid, as well 
as a downward and lateral pressure. But if in a mass of 
liquid the particles below had not a tendency upward equal 
to the weight, or downward pressure of the ps^ides of liquid above them, 
they could not support that part of the liquid which rests upon them. Their 
tendency upward is owing to the pressure around them from which they are 
trying to escape."* 

To what is the 294. The pressure exerted by a 
SSS'^of'iiq* column of liquid is proportioned to, 
S!Li?^"^" ^^ measured by the height of the 
column,, and not by its bulk, or 
quantity. 

If we take a tube in the form of the letter IT, with one of its 
branches much smaller than the other, as in Fig. 108, and pour 
water into one of the branches, we shall find that the liquid 
will stand at the same height in both tubes. The great mass 
of liquid contained in the large tube. A, exerts no more press- 
ure on the liquid contained in the small tube, D, than would a 
smaller mass contained in a tube of the same dimensions as D. 
And if A contained 10,000 times the quantity of water that D 
contained, the water would rise to no greater elevation in D 

than in A. 

• Arnott 
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The principle that the pressure exerted by a column of 
water is as its height, and not as its quantity, may be also 
illustrated by the Hydrostatic Bellows, Fig. 109. This con- 
sists of two boards, B and D B, united together by means 
of doth, or leather, A, as in a common bellowa A small ver- 
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tical pipe, T, attached to the side communicates 
with the interior of the bellovirs. Heavy weights, 
^ W W, are placed upon the top of the bellows 

'■ when empty. If water be poured into the verti- 

cal pipe, the top of the bellows, with the weighta 
upon it, will be lifted up by the pressure of the 
water beneath; and as the height of the column 
of water increases, so in like proportion may the 
weights upon the top of the bellows be increased. 
It is a matter of no consequence what may be the 
diameter of the vertical tube, since the power of 
the apparatus depends upon the height of the col- 
umn of water in the smaU tube, and the area of 
the board, BO; (hat is, the weight ofaamaU col- 
umn of water in (he vertical pipe, T^wiUbe capable 
of supporting a weigM vpon (ht board, B G, greater 
(hanthe weight of the water in (he pipe, in th^scme 
fo proportim as (he area of board B G is grecUerihan 
_^^^^_ ihe sectional area of (he bore of (ha pipe. Thus, if 

the area of the bore of the pipe be a quarter of an inch, and the area of the 
board forming the top of the beUows a square foot, then the proportion of the 
pipe to the board will be that of 576 to 1 ; and, consequently, the weigm 
capable of being supported by the board will be 576 times 
the weight of the water contained in the pipe. 

In this manner a strong cask, a, Kg. 110, 
What are n- ^^^ ^|;jj liquid may be burst by a few 

InstraHTe ex- ^ ^' -..^ i ^i r^ 

ampies of the ounces of water poured mto a long tube, b c, 
ff^^s? **' communicating with the Ulterior of the cask. 
. This law of pressure is sometimes exhibited 
on a* great scale in nature, in the bursting of rocks, or mount- 
ains. Suppose a long vertical fissure, as in Fig. Ill, to com- 
municate with an internal cavity formed in a mountain, with- 
out any outlet Now, when the fissure and cavity become 
filled, an enormous pressu*^ is exerted, sufl&cient, it may be, 
to crack, or disrupture, the whole mass of the mountMU. 

The most striking effects of the pressure of the water at 
great depths are exhibited in the ocean. If a strong, square 
glass bottle, empty and firmly corked, be sunk in water, its 
sides are generally crashed in by the pressure, before it has 
reached a depth of 60 feet. Divers plunge with impunity to 
certain depths, but there is a limit beyond which they can not sustain the 

6* 



Fig. 110. 
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Fia. Ill, 




immense pressure on the bod/ 
exerted by the water. It is prob- 
able, also, that there is a limit of 
depth beyond which each spe- 
cies of fish can not live. The 
principle of the equal transmis- 
sion of pressure by liquids, how- 
ever, enables fishes to sustain a 
very great pressure of water 
without being crushed by it; 
the fluids contained within them 
pressing outward with as great a 
force as the liquid which sur- 
rounds them presses inwards. 
When a ship founders at sea, the great pressure at the bottom forces the 

water into the pores of the wood, and increases its weight to such an extent 

that no part can ever rise again. 

Upon what doM 295. The pressure upon the bottom of a vessel 

n^n ?he "tSS Containing a liquid, is not eflfected by the shape 

Sntiu^ing^ of the vessel, but depends solely upon the area 

nid depend? ^f ^{^^ j^j^g^^ g^^^ j^g ^j^p^jj jj^Iq^ ^he surface. 

This arises firom the law of equal distribution of pressure in liquids. Fig. 

112 represents two different vessels 

having equal bases, and the same per- 

...Qi pendicular depth of water in them* 

Although the quantity of water con- 

: tained in one is much greater than in 

^f^^^^r^ the other, the pressure sustained by 

these bases will be thesame. 

In a conical vessel, Fig. 113, the 

base, C D, sustams a pressure measured by the height of the column, ABC 

D ; for all the rest of the liquid only presses on A B G D laterally, and resting 

Fia. 113. FiQ, 114. 



Fio. 112. 







on the sides, E and F D, can not contribute any thing to the pressure ok 
the baso, G D. But in a conical vessel, of the shape represented in Fig. 114, 
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How can we 
calculate the 
presmire npon 
the bottom of 
ft TeBsel con- 
taining vater ? 



(he pressure on A B a portion of the base, E F, is measared by the oolunm 
A B C D as before ; but the other portions of the liquid not resting on the 
sides also press upon the bottom, E F ; and as the pressure of the column A 
B D is transmitte4 equally, every portion of the base, B F, sustains an 
equal pressure as that portion of the base, A B, which is directly beneath the 
column, A B C D ; therefore the whole pressure on the base, E F, is the 
same as if the vessel had been c^plmdrical, and filled throughout to the height 
indicated by the dotted lines, Ot H. 

296. Hence, to find the pressure of water upon the bottom of any yeaael, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thus, suppose the area of the base of a vessel to be 2 square feet, and the 
perpendicular depth of the water to be 3 feet; reqmred the pressure on 
' the bottom of the vessel, the weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 
2X3—6 cubic feet 
6X1,000—6,000 oz,— pressure on the base of the vessel 

* " The actaal pressure of water may also be calculated from the following data. It la 
ascertained that the weight of a cubic inch of water of the common temperature of 62* 
Fahrenheit, is a portion of a pound expressed by the decimal O^OSGOaK. The pressure, 
therefore, of a column of water one foot high, haying a square inch for its base, will be 
found by multiplying this by. 12, and consequently will be 0'4328 lb. 

** The pressure produced upon a square foot by a column one foot high, will be found 
by multiplying this last number by 144, the number of square inches forming a square 
foot; it wHI therefore be 623232 lbs. 

TcMs showing the preB8ur$Jin Th*. per tquare inch and square fo<jlty produced by water 
• at vanoue deaths. 



"TJi" 


Pressare per 
Sqnare Inch. 


PreMore per 
Squ»re Foot. 


Depth la 


Prewure per 
Square InS. 


PreMnreper 

Square Foot. 


L 

II. 

IIL 

IV. 

V. 


lbs. 
0-4328 
0-8656 

1-2984 
1-7312 
2-1640 


lbs. 
62-3223 
124-6464 
186-9696 
249 ^OiS 
311.6160 


VI. 

VII. 

VIII. 

IX. 

X. 


lbs. 
2-6968 
8-0296 
8-4624 
3-8952 
4-3280 


lbs. 
873-9392 
436-2624 
498-6856 
660-9088 
623-2320 



** By the aid of the above table, the actual pressure of water on each part of the surface 
of a vessel containing it can always be determined, the depth of such part being given. 
Thus, for example, if it be required to know the pressure npon a square finot of the bot> 
torn of a vessel where the depth of the water is 25 feet, we iind, from the above table, that 
the pressure upon a square foot at the depth of 2 feet is 124-6464 lbs. ; and, consequently, 
the pressure at the depth of 20 feet is 1246'464 Iba ; to this, let the pressure at the depth 
of 6 feet, as given in the table, be added: 1246-4644311-616=1668-080 lbs., which is, there- 
fore, the required pressure. 

**If the liquid contained in the vessel be not water, but any other whose relative weight 
eompared with water is known, the calculation is made first for water, and the result being 
multiplied by the number expreRsing the proportion of the weight of the given liquid te 
that of water, the result will be the required pressure."— Zardnar. 
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^j^^'^ Cm the side ; for in this instance the Bm&ce sostains the weight of a 
the M ^^^^ ^ height to the whole depth, while the column of pressure upon 
®* ® is only equivalent to one half the depth. 

^»2i,5^Bthe 300. The actual pressure produced upon 
o^j^v^AiaSti^ the bottom and sides of a vessel which con- 
»e%^^>Hh^S; tsins a liquid, is always greater than the 

^ weight of the liquid. 

Bj^^^ a cubical vessel, for example, the pressure upon the bottom will be 
TB-5^j^ to the weight of tiie liquid, and the pressure on each of the four sides 
L ^^ be equal to one half the weight; consequently the whole pressure on the 



^^^ ^ and sides will be equal to three times the weight of the liquid. 

^^u^ttiT**' ^^^- ^^® surface of a liquid when at rest is 
St^^^j^uid always Horizontal, or Level. 

■V^ The particles of a liquid having perfect freedom of motion 

**^ice oTtkU' among themselves, and all being equally attracted by gravita* 

/ /- ** '^ tio^ ^^ whole body of liquid will tend to arrange itself in 

^^^' such a manner that all the parts of its surface shall be equally 

,, . A fioix^ *^® earth's center, which is the center of attraction. 

»^^ A perfectly level surface really means one in which every 

y^t ^Katlon P^ °^ *^® surface is equally near the center of the earth ; it 

J?* 0p^^^^^^ ™^^ ^®» therefore, in fact, a spherical surffi«3e. But so large 

snifac^ ' is the sphere of which such a surface forms a part, that in 

rtroii* and receptacles of water of limited extent, its sphericity can not be 

riled, oxiA it may be considered as a perfect plane and level; but when the 

^^-^j0 of Tirater is of great extent, as in the case of the ocean, it exhibits this 

ouiided toTTti, conforming»to the figure of the earth, most perfectly * This 

Bthericity o€ the surfSwe of the ocean is illustrated by the fact, that the masts 

of a ship apppioaching us at sea, are visible long before the hull of the 

Pjq^ 22.7 vessel can be seen. In Fig. 

^ _^^IIl,a ^^*^ ^^^ *^** P*"^ ^^ *^® 

ship above the line A C can 

be seen by the spectator at 

A, because the rest of the 

vessel is hidden by the swell 

of the carve of the surface of the ocean, or rather of the earth, D E. 

In what man- 802. Water, or other liquids will always rise 

Jidri2*ii"'*i to an exact level in any series of different 
m^ucam- tubes, pipes, or other vessels communicating 

inanieating . ' ^^ ' 

with each other f Wlttl each OthCr. 

• A«hoop rarroandins the earth would bend from a perfectly straight lineefghtinchea 
in a mile. ConseqnenUy, if a segment of the surface of the earth, a mile long were 
CTt oH and laid on a perfect plane, the center of the segment would he only tonr Inches 
higher than the edges. A small portion of It, therefore, for aU ordlt ary purposes, may 
he considered as a perfect phme. 
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Fig. 118. 



On vhat prin- 
ciple are we 
enabled to oon- 
Tey water in 
aquednotBoyer 
uneven Bur- 
facea? 




This fact is sufficiently illustrated 
by reference to Fig. 118. 

303. It is upon 

the applicatioa of 

the principle that 

water in pipes will 

always rise to the 
height, or level of its source, that all 
arrangements for conveying water 
over uneven surfaces in aqueducts, or closed pipes depend. The water 
brought from any reservoir or source of supply, in or near a town or building, 
may be delivered by the effect of gravity alone to every location beneath the 
level of the reservoir; the result not being affected by the inequalities of the 
sur&ce over which the water pipes may pass in their connection between the 
reservoir and the point of delivery. So long as they do not rise above the 
level of the source of supply, so long will the water continue to flow. 

Pig. 119 represents the line of a modem aqueduct:— a a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipe is laid, passing over a bridge or viaduct at d, and under a river at 
c The fountains at h 6, show the stream rising to the level of its source in 
the pond a, at two points of very different elevation. 

Fig. 119. 




The ancients, in constructing aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conducting water from a distant source to supply a city, it became 
necessary to cross a ravine or valley, immense bridges, or arches of masonry 
were built across it, with great labor and at enormous expense, in order that 
the water-flow might be continued nearly horizontally. At the present day 
the same object is effected more perfectly by means of a simple iron pipe^ 
bending in conformity with the inequalities of surfece over which it passes. 

In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of the 
reservoir, should have a great degree of strength, since they 
sustain the bursting pressure of a column of water whose 
height is equal to the difference of level A pipe with »> 
diameter of 4 inches, 150 feet below the level of a reservoir, should have suf- 



In what man- 
ner should 
pipes for the 
conveyance of 
water be con- 
structed ? 
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FiQ. 120. 




ilcient strength to bear with security a bursting pressure of nearly 6 tons for 
each foot of its length. 

Upon the principle that water tends to rise to the level of its source, orna- 
mental fountains may be constructed. Let water spout upward through a pipe 
communicating with the bottom of a deep vessel, and 
it will rise nearly to the height of the upper sur- 
£ice of the water in the vessel The resistance of 
the air, and the falling drops, prevent it fix)m rising 
to the exact level Let A, Fig. 120, represent a 
cistern filled with water to a constant height, B. 
If four bent pipes be inserted in the side of the 
cistern at different distances below the sur&ce, the 
water will jet upward from all the orifices to nearly 
the same level 

The phenomena of Artesian Wells, and the plan 
of boring for water, depend on the same principle. 

What to an Ar- 304. All Artesian Well is s Cylindrical 
tesianweu? excavation formed by boring into the earth 
with a species of auger, until a sheet or vein of water is 
found, when the water rises through the excavation. Such 
excavations are called Artesian, because this method was 
employed for obtaining water at Artois in France. 

Why does the "^^^ reason that the water rises in Artesian, and sometimes 
water rise ia in ordinary wells, to the surface, is as follows : The surface 
of the globe is formed of diflferent layers, or strata, of different 
materials, such as sand, gravel, clay, stone, eta, placed one 
upon the other. In particular situations, these strata do not rest horizontally 
upon one another, but are inclined, the diflferent strata being like cups, or 
basins placed one with'm the other, as m Fig. 121. Some of these strata are 
composed of materials, as sand or gravel, through which water will soak most 
Fig. 121. readily; while other strata, 

like clay and rock, will not 
^ allow the water to pass 
through them. It, now, 
we suppose a stratum like 
sand, pervious to water, to 
be included as at a a, Fi^ 
121, between two other 
strata of clay or rock, the 
water falling upon the un- 
covered margm of the sandy stratum a a, will be absorbed, and penetrate through 
its whole depth. It will be prevented from rising to the surface by the im- 
pervious stratum above it, and from sinking lower, by the equally impervious 
stratum below it It will, therefore, accumulate as in a reservoir. H now, we 



an ArtesUn 
WeU? 
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bore down tbiongh tiie upper stratom, as at &, until we reach the stratnic 
containing the water, the water will rise in the excavation to a certain height, 
proportional to the height or level of the water accumulated in the reser- 
voir a a from which it flows.* 

305. The rain which fidls upon the surface of the earth 
glnofBpxJngB?' B"^ downward through the sandy and porous soil, un- 
til a bed of day or rock, through which the water can not 

penetrate, is reached. Here it accumulates, or running along the surface 
c the impervious stratum, bursts out in some lower situation, or at some point 
"Where the impervious bed or stratum comes to the sur&ce in consequence of a 

valley, or some depression. 
^^- ^22. qq^ a flow of water consti- 

tutes a spring. Suppose Of 
Fig. 122, to be a gravel hill, 
and b a stratum of day or 
rock, impervious to water. 
The fluid percolating through 
the gravel would reach the 
impervious stratum, along which it would run untfl it found an outlet at <^ at 
the foot of the hill, where a spring would be formed. 

306. If there are no irregularities in the surface, So situated 
coUect iTan^or- as to allow a spring to burst forth, or if a spring issues out 
dinary weU t ^^ g^me pQi^^ of ^he porous earth considerably above the sur- 
fiwje of the clay, or rock, upon which at some depth all such earth rests, the 
water soaking downward will not all be drained off, but will accumulate, and 
rise among the particles of soil, as it would among shot, or bullets, in a wateiv 
tight vessel If /i. hole, or pit, be dug into such earth, reachmg below the 
level of the water accumulated in it, it will soon be filled up with water to 
this level, and will constitute a welL The reason why some wells are deeper 
than others, is, that the distance of the unpervious stratum of clay below the 
surface is different in different localities. 

307. All wells and springs, therefore, are merely the rain- 
sonrce do all water which has sunk into the earth, appearing again, and 
BDrinM* dtrire gradually accumulatmg, or esci^ing at a lower level 

their water? 308. The property of liquids to assume a horizontal sur- 

What is a ^ce is practically taken advanta^ of in ascertaining whether 
Water, or a sur&ce is perfectly horizontal, or level and is accomplished 
^ * by means of an instrument known as the " Water" or 

'Spirit Level." This consists of a small glass tube, 6 c. Fig. 123, filled 
With spirit, or water, except a small space occupied with air, and called 

• In the great Artesian wells of Grenelle, near Paris, and of Blsslngen, In Bavaria, the 
water riswi from depths of 1,800 and 1,900 feet to a considerable height above the tnrfaea 
of the earth. The well of Paris is capable of snpplyiner water at the rate of 14 mlllionfl 
of gallons per day. The region of country in which this water fell, from the curvature 
of the layers, or strata of material throngh which the excavation was made, must h»T« 
been distont two hundred miles or more. 
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J. .^9 the air-bubble, a. In whatever position the tabe 

maybe placed, the bubble of air will rest at the high- 

^ V ^ ^ est point If the two ends of the tube are level, or 

V ^j perfectly horizontal, the air-bubble will remam in 

the center of the tube ; but if the tube inclines ever 
80 little, the bubble rises to the higher end. For practical use the glass-tube 
is inclosed in a wood, or brass case, or box. 

, tBrin- ^^^* '^^® method of conducting a canal through a country, 
ei.>ie are canals the surface of which is not perfectly horizontal, or level, de- 
•^^J^otod and pends upon this same property of liquids. In order that boats 
may sail with ease in both directions of the canal, it is neces- 
sary that the sur&ce of the water should be level If one end of a canal 
were higher than the other, the water would run toward the lower extremity, 
overflow the banks, and leave the other end dry. But a canal rarely, 
if ever, passes through a section of country of any great extent, which is 
not indined, or irregular in its sur&oe. By means, however, of expedients 
caQed Locks, a canal can be conducted along any declivity. In the forma- 
tion of a canal, its course is divided into a series of levels corresponding 
with the inequalities of the sui&oe of the country through which it passes. 
These levels communicate with each other by locks, by means of which 
boats passing in any direction can be elevated, or lowered with ease, rapidity, 
and safety. 

Fig. 124. Fig. 124 represents a section of 

a lock, and Fig. 12& the construc- 
tion of the Lock Gatb& The sec- 
tion of Fig. 125 represents a place 
where there is a sudden fiUl of the 
ground, along which the canal has 
to pass. A B and C D are two 
gates which completely intercept 
the course of the water, but at the same time admit of being opened and 
dosed. A H is the level of the water in that part of the canal lying 
above the gate A B, and B F and F G the levels below the gate A B. The 
part of the canal included between two gates, as EF, iscaUed a lock, because 
when a vessel is let into it, it can be shut by closing both pair of gates. If 
now it is required to let a boat down from the higher level, A H, to the lower 
level, B a, the gates C D are closed tightly, and an opening made m the 
gates A B (shown in Fig. 126), which allows the water to flow gradually from 
A H into the lock A B F 0, until it attains a common level, H A a The 
gate A B is then opened, and the boat floats into the lock A B C D. The 
gates A B are then closed, and an opening made in gates D, which allows 
the water to flow ttom the space A B F C, until it comes to the common 
level, B F G. The gate C D is then opened, and the boat floats out of 
the locks into the continuation of the canaL To enable a boat to pass trom 
the lower level, B FG, to the superior level, A H, the process here described 
Is reversed. 
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With what 
force is a float- 
ing body press- 
ed upward? 

How mncli 
water will a 
solid immersed 
in it displaosr 



What is BU07- 
ancy? 



310. When a solid is immersed in a liqnid 
it will be pressed upward with a force equal 
to the weight of the liquid it displaces. 

311. A solid immersed in water will displace 
as much of the liquid as is equal in volume to 
the part immersed. 

312. Buoyancy is the name applied to the 
force by which a solid immersed in a liquid is 

heaved, or pressed upward. 

The resistance offered when we attempt to sink a body lighter than water 
in that liquid, proves that the water presses with a force upward as well as 
downward. Upon this &ct the laws of floating bodies depend ; and for this 
reason the bottoms of large ships are constructed with a great degree of 
streng^ 

813. A body floating upon a liquid is main- 
tained in BQuiLiBRio by the operation of grav- 
ity drawing the mass downward, and by the 
pressure of the particles of the liquid upon 
which it rests, pressing it upward. 

314. In order that a body may float with sta- 
bility, it is necessary that its center of gravity 
should be situated as low as possible. 



How is a body 
floating upon a 
liquid main> 
tained in equi- 
Ubrio? 



What is essen- 
tial to the sta- 
bUity of a float- 
ing bO( 
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When is a 
floating body 
in ita most Bta- 
ble poflifcion 7 



When win a 
BoUd float, and 
▼hendnkf 



Fig. 126. 



What is the For this reason, all vessels which are light m proportion to 
faveMete?*** their bulk, require to be ballasted by depositing in the lowest 
. portions of the vessel, immediately above the keel, a quantity 
of heavy matter, usually iron or stone. The center of gravity may Ihus be 
brought so low that no force of the wind striking the vessel sideways can 
capsize it By raising the center of gravity, as when men in a boat stand 
upright, the equilibrium is rendered unstable^ 

A body floating is most stable when it floats upon its great- 
est sur&ce: thus a plank floats with the greatest stability, 
when placed flat upon the water; and its position is unstable 
when it is made to float edgewise. 

A soHd can never float that is heavier, bulk for bulk, than 
the liquid in which it is immersed. 
If the weight of a soUd be exactly equal to the weight of 
an equal bulk of liquid, it will sink in it until it is entirely immersed ; but 
when once it is entirely immersed, then, the upward and downward pressure 
being equal, the solid will neither sink or rise, but will remain suspended 
at any depth at which it may be placed. 

Let A B, Fig. 126, be a cube of wood floating in 
water; then the weight of the water displaced, or 
the weight of a volume of water equal to A B, is 
equal to the whole weight of the wood ; since the 
upward pressure on the bottom of A B is the same 
as that which would support a portion of water 
equal in bulk to the displaced water, or to the cube 
A B ; and as the downward pressure of the body 
is equal to the upward pressure of the liquid, it fol- 
lows that the weight of the cube is equal to the 
weight of the water displaced. Hence A B will 
neither sink or rise. 

A mass of stone, or any other heavy substance 
beneath the surface of water is more easily moved 
than upon the land because, when immersed in the 
water, it is lighter by the weight of its own bulk of 
water than it would be on land. A boy will often wonder why he can lift a 
stone of a certain weight to the surface of water, but can carry it no farther. 
The least force will lift a bucket immersed in water to the surface ; but if it 
be lifted &rther, its weight is felt just in proportion to Ihe part of it which is 
above the surfece. 

The weight of the human body does not differ much fix)m the weight of its 
own bulk of water; consequently, when bathers walk in water chin-deep, 
their feet scarcely press upon the bottom, and they have not suflBcient hold 
upon the ground to give them stability ; a current, therefore, will easily take 
them off their feet 

r The &cilify with which different persons are able to float or swim, depends 
upon the physical constitution of the body. Corpulent people are lighter. 
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bulk for bulk, than those of sparer habits : and as fat possesses a less specific 
gravity than water, a fat person will swim or float easier than a thin one. 

315. It is not, however, neoessaiy, in order that a body should float upon a 
liquid, Ihat the materials of which it is composed should be specifically lighter 
than the liquid. If the entire mass of a. solid is lighter than an equal volume 
of the liquid,- it will float. 

A thick piece of iron, weighing half an ounce, loses in water nearly one 
eighth of its weight; but if it is hammered into a pla4» or vessel, of such a 
I )nn that it occupies eight times as much space as before, it will then weigh 
Jess than an equal bulk of water, and will consequently float, sinking just to 
the brim. If made twice as large, it will displace one ounce of water, conse- 
quently, twic3 its own weight; it will then sink to the middle, and can he 
loaded with half an ounce weight before sinking entirely. 

How can a 316. A body composed of any material, how- 
«S?n an^ai ®ver heavy, can be made to float on any liquid, 
SS^i^r'to however light, by giving it such a shape as 
float? ^ii2 render its bulk or volume lighter than an 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship carrying a 
thousand tons' weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar form and size made of 
wood, provided that the iron be proportionally thinner than the wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow solids is fiiequently used for lifUng or supporting 
heavy weights in water. Life-preservers, which are inflated bags of India- 
rubber, are an example. Hollow boxes, or tanks, are used for the purpose 
of raising sunken vessels. These boxes are sunk, filled with water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greater than the gravity or weight of the enture mass, the whole 
will rise and float 

To what is the 317. The buoyaucy of liquids is in propor- 
KSiid?pfopor' tion to their density or specific gravity, or, in 
tionait other words, a solid is buoyant in a liquid, in 

proportion as it is light, and the liquid heavy. 

Thus quicksilver, the heaviest, or most dense fluid known, supports iron 
upon its surface; and a man might float upon mercury as easily as a cork 
floats upon water. Many varieties of wood which will sink in oil, float 
readily upon water. ' 

318. The principle that the buoyancy of liquids varies in proportion as their 
speciflc gravity varies, furnishes a very ready method of determininp^ the spe- 
cific gravity of a liquid. This is done by means of an instrument called the 
hydrometer. 
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Hov xnsy the 
Bpedfic gray- 
Ity of a liquid 
be delermined 
by the Hy- 




What is a Hy- 319. The HYDROMETER COn- 

^"^^^^^ Bists of a hollow glass tube, 
on the lower part t)f which a spaerieal 
bulb is blown, the latter being filled with 
a suitable quantity of small shot, or 
quicksilver, in order to cause it to float, 
in a vertical position. The upper part 
of the tube contains a scale graduated 
into suitable divisions. (See Fig. 127.) 

It is obvious that the hydrometer 

will sink to a greater or less depth in 

different liquids ; deeper in the lighter 

ones, or those of small specific gravity, 

and not so deep in those which are 
denser, or which have great specific gravity. The 
specific gravity of a liquid may, therefore, be estimated by the number of di- 
visions on the scale which remain above the sur&ce of the liquid. Tables 
are constructed, so that, by their aid, when the number on the scale at which 
the hydrometer floats m a given liquid is determined by experiment, the spe- 
cific gravity is expressed by figures in a column directly opposite that number 
in the table. 

There are various forms of the hydrometer especially adapted for determin- 
ing the density, or specific gravity, of spirits, oils, syrups, Jye, etc. It affords 
a ready method of determining the purity of a liquid, as, for instance, alco- 
hol The addition of water to alcohol adds to its density, and therefore in- 
creases its buoyancy. The addition of water, therefore, will at once be shown 
by the less depth to which the hydrometer will sink in the liquid. The 
adulteration of sperm oil with whale, or other cheaper oils, may be shown in 
the same manner. 

320. For the reason that the 'buoyan<^ of a liquid is proportioned to its 
density, a ship will draw less water, or sail lighter by one thirty-fifth in the 
heavy salt water of the ocean, than m the fi^sh water of a river ; for the 
same reason it is easier to swim in salt than in fi^sh water.* 



* " A floating bod sitkii to the wme depth whether the mass of liquid supporting It 
be great or small, as is seen when an earthen cup Is placed first in a pond, and then in a 
second enp only so much larger than itself, Uiat a very small quantity of water wiU suffice 
to fill up Uie interval between th^m. An ounce of water in this way may be made to float 
substances of much greater weight. And if a large ship were received into a dock, or 
case, so exactly filling it that there were only half an inch of interval between it and the 
wall, or side of the containing «pace, it would float as completely when the few hogsheads 
of water required to fill this little interval up to its usual water-mark were poured in, as 
if it were on the hiprh seas. In some canal locks,' the boats just fit the place in which they 
have to rise and fall, and thus diminish the quantity of water necessary to supply Uw 
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SECTION I- 



Explain the 
phenomena ob- 
served vhen 
the hand is 
plunged into 
different liq- 
nids. 



CAPILLARY ATTRACTION. 

321. If we plunge the hand into a vessel of water, and 
withdraw it^ it is said to be wet ; that is, it is covered with a 
thin film, or coating of water, which adheres to it, in opposi- 
tion to the tendency of the attraction of gravitation to make 
it fall oS. There is^ therefore, an attraction between the par- 
ticles of the water and the hand, which, to a certain extent^ 

k stronger than the influence of gravitation. 

If now we plunge the hand into a vessel of quicksilver, no adhesion of the 
particles of the mercury to the hand will take place, and the hand, when 
withdrawn, will be perfectly dry. 

If we plunge a plate of gold, however, into water and quicksilver, it will 
be wet equally by both, and will come out of the quicksilver covered with a 
wliite coating of that liquid. 

It is, therefore, obvious that a certain molecular attraction exists between 
certain liquids and certain solids, which does not prevail to the same extent 
between others. 

322. That variety of molecular force which 
manifests itself lietween the surfaces of solids 
and liquids Ir called Capillary Attraction. 

This name originates from the circumstance, that this class 
of phenomena was first observed in small glass tubes, the 
bore of which was not thicker than a hair, and which were 
hence called Capillary Tubes^ from the Latin word capiUus^ which signifies a hair. 
„ _ 323. If we take a series of glass tubes of very fine bore, 

piiiary Attrac- but of different diameters, and place them in a vessel of water, 
teated ? *^**'" ^^^^^ ^^ ^>^^ colored in order to show the effect more strik- 
^S^Yy ^3 shall see that the water will rise m the tubes to 
various heights, attainmg the greatest degree of elevation in the smallest tube. 
Fia. 128. ^^® height at which the same liquid will rise in 

any given tube is always uniform, but it varies for 
different liquids. 

Fig. 128 is an enlarged r^resentation of the 
manner in which water will rise in tubes of differ- 
ent diameters. 

The simplest method of exhibitmg capillary at- 
traction is to immerse the end of a piece of ther* 
mometer tube in water (see Fig. 129) which has 
been tinted with ink. The liquid will be seen to 
ascend, and will remain elevated in the tube at a 
considerable height above the surface of the liquid 
in the vessel 
The ordinary definition of capillary attraction is^ that form of attraction which 
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What wiU be 
the condition 
of the Bur&ce 
of a liquid 
Irhieh wets the 
sides of the ves- 
«<1 containing 

When the liq- 
uid does not 
▼et the sides 
of the vessel, 
what will be 
the condition 
of its surface? 

Fig. 130. 






causes liquids to ascend above their level in capillary tubes. FiQ. 129. 
It, however, is not strictly correct, as this force not only acts 
in elevating but in depressing liquids in tubes, and is at 
work wherever liquids are in connection with solid bodies. 

324. If a liquid be poured into a vessel, as 
water in glass, whose sides are of such a nature 
as to be wetted by it, the liquid will be elevated 
above the general level of its surface at the 
points where it touches the sides of the ves- 
sel This is shown in Fig. 130. 

I^ however, the liquid is poured into a 
vessel whose sides are of such a nature that 
they are not wetted by it, as in the case of 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of its surface at the 
points where it comes in con- pj^ ^^-^ 

tact with the sides of the ves- 
sel This is shown in Fig. 131. 
325. If two plates of glass, 
A and B, Fig. 132, be plunged 
into water at their lower ex- 
tremities, with their feces ver- 
tical and parallel, and at a cer- 
tain distance asunder, the water will rise at the points m and n, where it is in 

contact with the glass; but at 
Fig. 132. all intermediate points, beyond 

a small distance from the plates, 
the general level of the surfaces 
E, C, and D, will correspond. 

If the two plates, A and B, 
are brought near to each other, 
as in Fig. 133, tne two curves, 
■ m and n, will unite, so as to form 

a concave surfece, and the water 
at the same time between them will be raised above the general level, B and 
D, of the water m the vessel If the plates 
be brought still nearer together, as in Fig. 134, 
the water between them will rise still higher, 
t je force which sustains the column being in- 
creased as the distance between the plates is 
diminished 

326. The height to ^ 

which water will rise in 

capillary tubes is in proportion to the small- 
ness of their diameters. 




To what is the 
cdevation of 
water in capil- 
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Thus in two tubes, one of which is double 
the diameter of the other, the fluid will rise 
to twice the height in the small tube that 
it will in the larger. The truth of this 
principle can be made evident hy the fol- 
lowing beautiful and simple experiment 
Two square pieces of plate-glass, C and B; 
Fig. 135, are arranged so that their sm^* 
iaces form a minute angle at A. This po- 
sition may be easilj given them by fasten- 
When tlie ends of 



Fia 135. 




Ing with wax or cement 
the plates are placed in the water, as shown in 
the figure, the water rises in the space between 
them, forming the curve, which is called an 
hyperbola^ Th6 elevation of the water between 
the two surfaces will be the greatest at the 
points where the distance between the plates is 
the least 

327. The figure of the surface which bounds 
a liquid in a capillary tube will depend upon 
the extent of the attraction which exists between 
the particles of the liquid and the surface of 
the tuba Thus, a column of water contained in a glass capillary tube will 
have a concave form of sur&ce, as m Fig. 136, since the j^^ ^^ ^^ ^^ 
attraction of glass for water exceeds the attraction of the * 
particles of water for each other; a sur&ce of mercury, on 
the contrary, in a similar tube, will be convex, see Fig. 
137, since the attraction of glass for mercury is less than 
the mutual attraction of the particles of mercuiy. 

328. In a capillary tube a 

liquid will ascend above its 

general level, wben it wets tbe 

tube ; and is depressed below its level when 
it does not wet it. 

How may a ^^^' ^^*^® Surface of a body repels a liquid, such a body, 
needle be made though heavier, bulk for bulk, than the liquid, may, under 
watCT?* "^"^ ^™® circumstances, float upon it ; and so present an apparent 

exception to the general hydrostatic law by which solids 
which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this may be shown by slightly greasing a fine sewing-needle, and then 
placing it carefully in the direction of its length upon the sur&oe of water. 
The needle, although heavier, bulk for bulk, than water, will float 

The power of certain insects to walk upon the surfisMje of water without 
sinking, has been explained upon the same principle. The feet of these in- 
sects, like the greased needle, have a capillary repulsion for the water, and 
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What is a 
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when they apply them to the surface of water, instead of sinking in it, they 
produce depressions upon it 

For a Uke reason, water will not flow through a fin© sieve, the wires of 
which have been greased. 

_^ .„ 330. A liquid will not wet a solid when the 

Wnen wiu a _ /» n • 

Mquid^fen to force.of adhesion developed between the par- 
ticles of the liquid and the surface of the solid, 
is less than half the cohesive force which exists between 
the particles of the liquid. 

331. The fact of the strong adhesion Fia 138. 

which exists between water and the 

fibers of a rope, has been taken ad- 
vantage of m the construction of a kind of pump, called 
the " Bope," or " Vera's" Pump, Fig. 138. It oon- 
Bists of a cord passing over two wheels, a and 6, the 
lower one of which is immersed in water. A rapid 
motion is given to the wheels by means of the crank 
d, and the water, by adhering, follows the rope in its 
movements, and is discharged into a receptacle above. 

__ ^ . Illustrations of capillary attraction 

What are fa- «....,. 

miliar iUustra- are most familiar m the expenence of 

U^aJLXf eyery-daylife. The wick of a lamp, 
or candle, lifts the oil, or melted grease 
which supplies the flame, from a sur&ce often two or 
three inches below the point of combustion. In a 
cotton-wick, which is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes ; 
in these the oil ascends. The oil, however, can not be lifted freely beyond a 
pertain height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, the flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed in a basin of 
water, and the remainder allowed to hang over the edge of the basin, the 
water will rise through the pores and interstices of the cloth, and gradually 
Wfit the whole towel. In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
in contact with it, it will ascend through the pores by the agency of capillarjr 
attraction in opposition to gravity, and the entire mass will become wet 

The lower story of a house is sometimes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. Wood imbibes moisture by the capillary attraction of its pores, 
and expands or swells in conseqiience. This feet has been taken advantage 
of for splitting stones ; wedges of dry wood are driven into grooves cut in the 
stone, and on being moistened, swell with such irresistible force as to split 
the block in a direction regulated by the groove. 
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' An .immense weight suspended by a dry rope, may be raised a litUe way, 
by merely wetting the rope ; the moisture imbibed by capillary attraction mto 
the substance of the rope causes it to swell laterally and become shorter. 

Capillary attraction is also instrumental in supplying trees and plants with 
moisture through the agency of the roots and underground fibera 

What are the 832. The tenns ExosMOSE^ and Endosmose 
IxM^'and *^re applied to those currents in contrary direc- 
Endosmose? ^j^^g ^^ich are established between two liquids 
of a different nature, when they are separated from each 
other by a partition composed of a membrane, or any porous 
substance. 

The name Bhdosmose^ derived from a 
Greek word, signifies going in, and is ap- 
plied to the stronger current; while the 
name ExosmosCj signifying going out, is 
applied to the weaker current 

The phenomena of Endosmose and Ex- 
osTnosBj which are undoubtedly dependent 
on capillary attraction, may be illustrated 
by the following simple experiment : — ^If 
we take a small bladder, or any other mem- 
branous substance, and havmg fastened it 
on a tube open at both ends, as is repre- 
sented in Fig. 139, fill the bladder with 
alcohol, and immerse it, connected with 
the tube, in a basin of water, to such an 
extent that the top of the bladder filled 
with alcohol corresponds with the level 
of the water in the vessel, in a short 
time it will be observed, that the liquid 
is rising in the tube connected with 
the bladder, and will ultimately reach the 
top and flow over. This rising of the al- 
cohol in the tube is evidently due to the 
circumstance that the water permeates 
through the bladder, with a certain de- 
gree of force, producing the phenomena 
which we call endosmose^ " going in ;" the eft'ect being to elevate the alcohol to 
a considerable height in the tube. At the same time, a certain quantity of 
the alcohol has passed out through the pores of the bladder, and mixed with the 
water in the external vessel. This outward passage of the alcohol we call 
eocosmose, *' going out." A less quantity of the alcohol will pass out of the 
bladder in a given time to mingle with tlie water, than of the water will pass 
in, and consequently the bladder contain in <? the alcohol having more liquid 
in it than at first, becomes strained, and presses the liquid up ia ^e ^b^ 
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If we have a box divided by a partition of porous day, or any other sub- 
stance of like nature, and place a quantity of syrup on one side, and water on 
the other, or any other two Uquids of different densities which freely mix with 
one another, currents wUl be established between the two in opposite direc- 
tions through the porous partition, until both are thoroughly mingled with 
each other. 

333. If a liquid is placed in contact with a surface of 
the body, divested of its epidermis, or outer skin, or in 
contact with a mucous membrane, the liquid will be ab- 
sorbed into the vessels of the body through the force of 
endosmose. 

PRACTICAL QUESTIONS AND PROBLEMS IN HYDROSTATICS. 

1. Why are ttones, gnrel, and aaod so easilj mored by wares aad currents t 
Because the moving water has only to overcome about half the weight of 

the stone. 

2. Why can a sfeotie which, on land, requires the strei^h of two men to lift it, b« 
lifted and carried in water by one man f 

Because the water holds up the stone with a force equal to the weight of 
the volume of water it displaoe& 

3. Why does cream rise upon milk f 

Because it is composed of particles of oily, or &tty matter, which are lightei 
than the watery panicles of the milk. 

4. How are fishes able to ascend and descend quickly in water ? 

They are capable of changing their bulk by the voluntary distension, or 
ooDtniCtiQa of a membraneous bag, or air bladder, included in their organiza- 
tion ; when this bladder is distended, the fish increases in size, and being of 
less specific gravity, t.e., lighter, it nses with &cility; when the bladder is 
contracted, the size of the fish diminishes, and its tendency to sink is increased. 

5. Wby does the body of a drowned persos generally rise and float upon the surface 
Mreral days after death t 

Because, fix)m the accumulation of gas within the body (caused by incipient 
putrefaction), the body becomes specifically lighter than water, and rises and 
floats upon the sur&ce. 

d How are Ufe-boats prevented ftrom sinking? 

They contain in their sides air-tight cells, or boxes, filled with air, which by 
their buoyancy prevent the boat from sinking, even when it is filled with water. 

7. Why does blotting-paper absorb ink? 

The ink is drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why win not writing, or sized paper, absorb ink t 

Because the siting, being a species of glue mto which writing papers are 
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dipped, fills up the littla interstices, or spaces, between the fibers, and in this 
way prevents all capillary attraction. 

9. Why iB vegetation on the margin of a stream of water more luxuriant than in an 
open field f 

Because the porous earth on the bank draws up water to the roots of the 
plants by capillary attraction. 

10. Why do persona who water plants in pots frequently pour tiie water into the sau- 
cer iu wliich the pot rests, and not over the plants t 

Because the water in the saucer is drawn up by capillary attraction through 
the little interstices of the mold with which the pot is filled, and is thus pre- 
sented to the roots of the plant 

IL Why does dry wood, immersed in water, swell t 

Because the water enters the pores of wood by capillary attraction, and 
forces the particles further apart fix)m each other. 

'12. Why will water, ink, or oil, coming in contact with the edge of a book, soak fur- 
ther in than if spilled upon the sides t 

Because the space between the leaves acts in the same manner as a small 
capillary tube would — ^attracts the fluid, and causes it to penetrate far inward. 
The fluid penetrates with more difficulty upon the side of the lea^ because 
the pores in the paper are irregular, and not continuous from leaf to lea£ 

13. In a hydrostatic press, the area of the base of the piston in the force-pump is one 
square inch, and the area of the base of the piston in the large cylinder is fourteen square 
inches ; what will be the force exerted, supposing a power of ^ght hundred pounds ap- 
plied to the piston of the force-pump? 

14. A flood-gate is five feet in breadth, and sixteen feet in depth: what will be the 
pressure of water upon it in pounds f , 

15. What pressure wiU a vessel, having a superficial area of three feet, sustain when 
lowered into the sea to the depth of five hundred feet ? 

16. What pressure is exerted upon the body of a diver at the depth of rfxty fiset, sup- 
posing the superficial area of his body to be two and a half square yards f 

17. What will be the pressure upon a dam, the area of the side of which Is one hnn. 
dred and fifty superficial feet, and the height of the side fifteen feet, the water rising even 
with the top? 



CHAPTER IX, 

HYDRAULICS. 



^^ , . ,^ 334 Hydraulics is that department of 

What is the ,.,. -., /•ii i 

science of Hy- physical science which treats of the laws and 
phenomena of liquids in motion.* 

Hydraulics considers the flow of liquids in pipes, through orifices in the 
sides of reservoirs, in rivers, canals, etc^ and the construction and operation 
of all machines and engines which are concerned in the motion of liquids. 
* From v6(op (hudor), toaUr, and av\6f (aulos), a pipe. 



HYDRAULICS. 



149 



Fig. 140. 




Whatisfheye- 
loci^ of a liq- 
uid flowing fh)m 
a reaerv^ 
equal to? 



Upon what does 885. When an opening is made in a reser- 
flowTng^lfq^iS voir containing a liquid, it will jet out with a 
depend f velocity proportioned to the depth of the aper- 

ture below the surface. 

Supposing the gurface of water in a vesael, D, Fig. 
140, to be kept at a constant height by the water 
flowing into it, and that the water flows out through 
openings in the side of precisely the same size ; then 
a quart measure would be filled (torn the jet issuing fi*om 
B as soon as a pint measure from the upper opening, A. 

As the flow of liquids is in consequence of the at- 
traction of gravity, and as the pressure of a liqiud is 
equal in all directions, we have the following princi- 
ple established : — 

336. The velocity which the particles of a 
liquid acquire when issuing from an orifice, 
whether sideways, upward, or downward, is 
equal to that which they would have acquired 

in falling perpendicularly through a space equal to the 
depth of the aperture below the surface of the liquid. 

Thus, if an aperture be made in the bottom, or side, of a vessel containing 
water, 16 feet below the sur&ce, the velocity with which the water will jjpt 
out will be 32 feet per second, for this is the velocity which a body acquires 
in fallmg through a space of 16 feet 

As the velocity acquh-ed by a felling body is as the square root of the space 
through which it fells, the velocity with which water will issue from an aper- 
ture may be calculated by the following rule : — 

337. The velocity with which water spouts 
out from any aperture in a vessel is as the 
square root of the depth of the aperture below 
the surface of the water. 

The water must, therefore, flow with ten times greater velocity from ai\ 
opening 100 inches below the level of the liquid, than fix)m a depth of only 
one inch below the same leveL 

338. The theoretical law for determining the quarUiiy of 
water discharged from an oriflce is as follows: — 

The quantity of water discharged from an ori- 
fice in each second may be calculated by multi- 
plying the velocity by the area of the aperture. 

The above rules for calculating the velocity and quantity of water flowing 
from orifloes, are not found strictly to hold good in practice. The friction 
of water against the sides of vessels, pipes, and apertures, and the formation 
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of what is called the "contracted vein," tend veiy much to diminish the mo- 
tion aod discliai^ of water. p ^ .. 
Wh t is th When water flows through a circular aperture 
*' contracted in a vessel, the diameter of the issuing stream 
reat of water? ^ contracted, and attains its smallest dimensions 
at a distance ftom the orifice equal to the diam- 
eter of the orifice itselC The section of the jet at this point, Fig. 
141, 8 8\ will he about two thirds of the magnitude of the orifice. 
This point of greatest contraction is called the vena cordracta, or cmiiracted veitk 
Wh t is th ^^^ phenomenon arises fix>m the circumstance that a liquid 
cause of this contained in a vessel rushes from all sides toward an orifice, 
phenomenon? so as to form a system of converging currents. These issuing 
out in oblique directions, cause the shape of the stream to change from the 
cylindrical form, and contract it in the manner described. 
Hoir may the ^^ *^® attachment of suitable tubes to the aperture, the 
eflfect of the effect of the contracted vein may be avoided, and the quan- 
rein'be avoid- *^*y ^^ flowing water be very greatly increased. A short pipe 
ed? vvUl discharge one half more water in the same time, than 
a simple orifice of the same dimensions. The tube, however, must be 
Fig. 142. entirely without the^ vessel, 
as at B, Fig. 142, for if co/ • 
tinned inside, as at A, the 
quantity of liquid discharged 
will be diminished instead 
of augmented. 

The rapidity of the discharge of the water will also depend much on the 
figure of the tube, and that of the bottom of the vessel, since more water 
will flow through a conical, or bell-shaped tube, as at 0, Fig. 142, than 
through a cylindrical tube. A still further advantage may be gained by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed horizontally, will discharge only 
one fourth as much water as a tube of the same dimensions an inch in 
length ; hence, in all cases where it is proposed to convey water to a distance 
in pipes, there will be a great disappointment in respect to the quantity actu- 
ally delivered, unless the engmeer takes into account the firiction, and the 
turnings of the pipes, and makes large allowances for these circumstances. 
If the quantity to be actually delivered ought to fill a two inch pipe, one of 
three inches will not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it will be found that a pipe of two inches in diameter, one hun- 
dred feet long, will discharge about five times as much water as one of one 
inch in diameter of the same length, and under the same pressure. This dif- 
ference is accounted for, by supposing that both tubes retard the motion of 
the fluid, by friction, at equal distances from their inner surfaces, and conse- 
quently, the effect of this cause is much greater in proportion, in the small 
tube, than in the large one. 
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Fig. 143. 



As the velocity with which a stream issues depends upon the height of the 
column of fluid, it follows that when a liquid flows from a reservoir which is 
not replenished, but the level of which constantly descends, its velocity will 
be uniformly retarded. The following principle has been established : — 

339. If a vessel be filled with a liquid and 
allowed to disciiarge itself, the quantity issu- 
ing from arf orifice in a given time, will be 
just one half what would be discharged from 
the same orifice in the same time, if the vessel 
was kept constantly full. 

340. Before the invention of clocks and 
watches, the flow of water through small ori- 
fices was applied by the ancients for the meas- 
urement of time, and an arrangement for this 

purpose was called a Clepsydra^ or water-clock. One form of 
this instrument consisted^f a cylindrical vessel filled with 
water, and fiimished with an orifice which would discharge the 
whole in twelve hours. If the whole depth through which the 
water in the vessel would sink in this time be divided into 
144 parts, it will sink through 23 in the first hour, 21 in the 
second, 19 in the third, and so on, according to a series of odd 
numbers : this diminishing rate depending on the constantly 
decreasing hei^t and pressure of the column above the point 
of discharge. The spaces indicated upon a scale attached to 
the side of the vessel, and compared with the position of the 
descending column, marks the time. Fig. 143 represents th» 
form of the water clock. 

341. The force of currents, whe- 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 

in contact. 

This explains a fact which may be observed in all rivers: 
that the velocity of a stream is always greater at the center 
than near the bank, and the velocity at the surface is greater 
than the velocity at the bottom. 

342. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes^ and dimin- 
ish as the area of the section increases. 
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riven retard- 
ed ? 



At what part 
of a stream is 
the Telocity 
greatest? 

In a channel of 
unequal sec- 
tion, how will 
the velocity of 
a current be 
affected? 
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This &ct is familiar to every one who observes the coarse of brooks or 
rivers: wherever the bed contracts, the current becomes rapid, and on the 
contrary if it widens, the stream becomes more sluggish. 

343. A very slight declivity is sufficient to give motion to 
Son**l8°^2Sl running water. Three inches to a mile in a smooth, straight 
cient to gire channel, gives a velocity of about three mOes per hour. 
£g^to?f™°" ^® "^®^ Ganges, at a distance of 1,800 miles from its 
mouth, is only 800 feet above the level of the sea. The 
average rate of inclination of the surface of the Mississippi is 1.80 for the first 
h mdred miles from the Gulf of Mexico, 2 inches for the second hundred, 2.30 
for the third, and only 2.57 for the fourth. 

What !■ th "^^ velocity of rivers is extremely variable ; the slower class 

average velod- moving from two to three miles per hour, or three or four feet 
ty of i:iTen ? ^j. ggcond, and the more rapid as much as six feet per second. 
The mean velocity of the Mississippi, near its mouth, is 2.26 miles per hour, 
or 2.95 feet per second.* 

The quantity of water which passes over the beds of rivers in a given time 
is very various. In the smaller class of streamstit amounts to from 300 to 
350 cubic feet per second. In the smaller class of navigable rivers, it amounts 
to from 1,000 to 1,200 cubic feet; and in the larger class to 14,000 cubic feet 
and upward. It is estimated that the MissLssippi discharges 12 billions of 
cubic feet of water per minute.f 

* In the oonstrnetion of irater-channels for drainage, the regulation of inclination neces- 
sary to produce free flowage of the irater, is a matter of great importance. This inclination 
varies greatly with the sice of the stream of irater to be conducted oft Large and deep 
rivers run sufficiently swift with a &I1 of a few inches per mile ; smaller rivers and brooks 
require a fall of two feet per mile, or 1 foot in 2,600. Small brooks hardly keep an open 
course under 4 feet per mile, or 1 in 1,200; while ditches and covered drains require at 
least 8 feet per mile, or 1 in 600. Furrows of ridges, and drains partially filled with loose 
materials, require a much greater inclination. 

t A question of some interest relatire to the course and flow of riTers, may, perhapti 
be appropriately considered in this connection. The question is as follows: Do the 
Mississippi, and other rivers whose courses are northerly and southerly, flow up hiU or 
down hill f The Mississippi runs from north to south. If its source were at the pole and 
its mouth at the equator, the elevation of the mouth would be thirteen miles higher than 
its source, as this is the difference between the equatorial and the polar radii of Uie 
earth. On this principle, the mouth of the Mississippi is two and a half miles more ele- 
vated than its source. Does it run up hill, and if so, how has its course and motion 
originated? The problem, although apparently one of difficulty, admits of an easy 
solution. 

The centrifugal force, caused by the rotation of the earth, has changed the form of oar 
planet from that of a perfect sphere to that of an ellipsoid, or a sphere flattened at the 
poles, in which the length of the largest radius, exceeds the shorter by thirteen miles, the 
present form being the figure of equilibrium under the present conditions. The cohesion 
of the solid particles of the earth has resisted, and does resist, to a limited extent, 
the infiuence of the centrifugal fofoe which has changed the original figure ; but the par- 
ticles of liquid on the earth's surface, being perfectly f^e to move, yield to the influence, 
and are at rest only so long as the condition of equilibrium is undisturbed, and always 
move in such a way as to restore it when it is disturbed. Water, consequently, always 
flows from places which are above the flgure of equilibrium, to those which are below it. 
Now the mouth of the Mississippi is two and a half miles more distant from the eenter of 
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How are warea 344. When One portion of a liquid is dis- 
m^aoet fora- tuibed, the disturbance (in consequence of the 
«*' freedom with which the particles of a liquid 

move upon each other) is communicated to all the other 
portions, and a wave is formed. This wav'e propagates 
itself into the unmoved spaces adjoining, continually en- 
larging as it goes, and forming a series of undulations. 
What is the ^ • O'^^^*^ ^^* waves are caused by the 
oii^n of.tM wind pressing unequally upon the surface of 
the water, depressing one pari more than an- 
other : every depression causes a corresponding elevation. 
Where the water 13 of sufficient depth, waves have only a 
SaSe^^f "the ▼©^cal motion, i. e., up and dowa Any floating body, as a 
ware actnaUy buoy, floating on a wave, is merely elevated and depressed 
SfsSSonaryf* alternately; it does not otherwise change its place. The 
apparent advance of waves in deep water is an ocular decep- 
tion : the same as when a corkscrew is turned round, the thread, or spiral, 
appears to move forward. 

346. A wave is a form, not a thing; the form advances, but 
aiirays break not the substance of the wave. When, however, a rock rises 
*h**°? *^* ^ ^^® surface, or the shore by its shallowness prevents or re- 
tards the oscillations of the water, the waves forming in deep 
water are not balanced by the shorter undulations in shOal water, and they 
consequently move forward and form breakers. Thus it is that waves always 
break against the shore, no matter in what direction the wind blows. 

When the shore runs out very shallow for a great extent, the breakers are 
distinguished by the name of surf. 

On the Atlantic, during a storm, the waves have been observed to rise to 
a height of about forty-three feet above the hollow occupied by a ship ; the 
total distance between the crests of two large waves being 669 feet, which 
distance was passed by the wave in about seventeen seconds of tima 

the earth (i «:, the eenter of flgare) than the lonrce la. Bat if it had not been ibr the 
restraining influence of the cohesiTe force prevailing among the solid particles, it wonld 
haTe been, through the action of the centrifugal force, three miles higher, instead of two 
and a half It is therefore belov the surface of equilibrium, and the water flow» south 
to fill np the proper lerel. 

The question as to whether the river flows up, or down, depends on the meaning we 
attach to the words used. If hj nowxr we mean toward the earth's center of figure, or 
toward that part of the earth's surface where the attraction of gravity is the greatest, as 
at the poles, then the Mississippi runs up hiU. If, on the contrary, down means below 
the surface of equilibrium, and w means above the surface of equilibrium, then the Mis- 
siflsipi flows downward. If the earth were a perfect sphere, and without rotation, tho 
river would flow northward. A more complete explanation of this subject will be found 
in a paper read before the American Academy by Prof. Lovering in 1856, and in the 
•• AimtMl of Bdentifio Discovery** fer 1857, pp. 179—182. 

7* 
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Hoir dees the 347. The resistancG which a liquid opposes 
SuWtoJwiid *o a solid body moving through it, varies with 
mow^g^through the form of the body. 

The resistanoe which a plane sur&ce meets with while it 
moves in a liquid, in a directioQ perpendicular to its plane, is in general, pro* 
portioned to the square of its velocity. 

What advan- I^ the surface of a solid moved against a liquid be presented 
tagehasan ob- obliquely with respect to the direction of its motion, instead 
i?"*moSlS** of perpendicularly, the resistanoe will be modified and dimin- 
agaiuBt a liq- ished; the quantity of liquid displaced wiU be less, and the 
surface, acting as a wedge, or inclined plane, will possess a 
mechanical advantage, since in displacing the liquid it pushes it aside, instead 
of driving it forward. 

The determination of the particular form which should be g^ven to a mass 
of matter in order that it may move through a liquid with the least resistance, 
is a problem of great complexity and celebrity in the hiistory of mathematics, 
inasmuch as it is connected with neariy all improvements in navigation and 
naval architecture. The principles involved in this problem require' that the 
length of a vessel should comdde with the direction of the motion imparted 
to it; and they also determine the shape of the prow and of the surfaces be- 
neath the water. Boats which navigate still waters, and are not intended to 
carry a great amount of freight, are so constructed that the part of the bot- 
tom immersed moves against the liquid at a very oblique angle. 

Vessels built for speed should have the greatest possible length, with merely 
the breadth necessary to stow the requisite cai^. 

The form and structure of the bodies of fishes in general, are such as to en- 
able them to move through the water with the least resistance. 

__. ^, 348. In the paddles of steamboats, that one is only com- 

wnen are fne -^ ,„ . , , . . . . \ . 

paddles of a pletely effectual in propellmg the vessel which is vertical m 

efeSveV™**** **^® water, because upon that one alone does the resistance 

of the water act at right angles, or to the best advantage. 

In the propulsion of steamboats, it is found that paddle-wheels of a given 

diameter act with the greatest effect when their immersion does not exceed 

the width, or depth, of the lowest paddle-board ; their effect also increases 

with the diameter of the wheel 

_ ^. ^^, The amount of power lost by the use of the paddle wheel 

Is the paddle- - ,,. , . a. • • jj« 

wheel an ad- as a means of propelling vessels is very great, since, m addi- 

SSSS^Sf'ap- *^^^ ^ *^® ^^* *^** °^^y *^® paddle which is vertical in the 

plying power water is fully effective, the series of paddles in descending 

veBsSs?^"^^ into the water, are obliged to exert a downward pressure, 

which is not available for propulsion, and in ascending, to lift 

a considerable weight of water that opposes the ascent, and adheres to the 

paddles. The rolling of the vessel, also, renders it impossible to maintain the 

paddles at the requisite degree of immersion necessary to give them their 

greatest efficiency ; one wheel on one side being occasionally immeraed too 
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deeply, while the other wheel, on the other side may be lifted entirely out of 

water. 

349. To remedy in some deg^ree these causes of inefficiency 
and waste, the submerged propelling-whee!, known as the 
screw-propeUeTj has been introduced within the last few years. 
The screw-propeller consists of a wheel resembling in its form 
the threads of a screw, and rotating on an axle. It is placed 

in the stem of the vessel, below the water-line, immediately in fix)nt of the 

rudder. Fig. 144 represents one form of the screw-propeller, and its locatica 

in reference to the other parts of the vesseL 



Describe the 
coDBtmction 
and action of 
the 8crev-pro- 
peller. 



FlO. 144. 




The manner in which the screw-propeller acts in impelling the vessel for- 
ward, may be understood by supposing the wheel to be an ordinary screw, 
and the water surrounding it a solid substance. By turning the screw in one 
direction or the other, it would move through the water, carrying the vessel 
with it, and the space through which it would move in each revolution would 
be equal to the distance between two contiguous threads of the screw. In 
feet, the water would act as a fixed nut, in which the screw would turn. 
But the water, although not fixed m its position as a solid nut, yet offers a 
considerable resistance to the motion of the screw-wheel ; and as the wheel 
turns, driving the water backward, the reaction of the water gives a propul- 
sion to the vessel in a contrary direction, or forward. 

The great advantage of the screw-propeller is, that its ac- 
tion on the water will be the same, no matter to what degree 
it may be immersed in it, or how the position of the vessel 
on the surface of the water may be changed. 

350. The application of the force of water in motion for im- 
pelling machinery, is most extensive and familiar. The sim- 
plest method of applying this force as a mechanical agent, is 
by means of wheels^ which are caused to revolve by the 



What Is the 
great advan- 
tage of the 
screw-propeller 
over the pad- 
dle-wheel? 

What is the 
simplest meth- 
od of using 
"^ater as a mo- 
tive power 7 
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weight, cr pressure, of the water applied to their circumferences. These 
wheels are mounted upon shafts, or axles, which are in turn connected with 
the machinery to which motion is to be imparted. 

Into how many 851. The water-whcels at present most gen- 
t^S^whJS erally used may be divided into four classes — 
divided? ^i^Q Undeeshot, the Overshot, the Breast 

Wheel, and the Tourbine Wheel. 

Describe the ^^^' ^*^ Undershot Pig. 145. 

cjistr action of Wheel consists of a wheel, 
Whedl*^'''*"* on the circumferenee of 
which are fixed a number 
of flat boards called " float-bocurds," at equal 
distances from each other. It is placed in 
such a position that its lower floats are im- 
mersed in a running stream, and is set in 
motion by the impact of the water on the 
boards as they successively dip into it. A 
wheel of this kind will revolve in any 
stream which furnishes a current of suffi- 
cient power. Fig. 145 represents the construction of the undershot wheel 

This form of wheel is usually placed in a "race-way," or narrow passage, in 
such a manner as to receive the full force of a current issuing from the bottom 
of a dam, and striking against the float-boards. And it is important to re- 
member, that the moving power is the same, whether water falls downward 
from the top of a dam to a lower level, or whether it issues from aa opening 
made directly at the lower level This will be obvious, if it is considered 
that the force with which water issues from an opening made at any point in 
the dam will be equal to that which it would acquire in fallmg fix)m the sur- 
face or level of the water in the dam down to the same point 

The undershot wheel is a most disadvantageous method of 
applying the power of water, not more than 25 per cent, of 
the moving power of the water being rendered available 
by it. 

353. In the Overshot 
"Wheel, the water is received 
mto cavities or cells, called 
"buckets," formed in the circumference of the 
wheel, and so shaped as to retain as much of 
the water as possible, until they arrive at the 
lowest part of the wheel, where they empty 
themselves. The buckets then ascend empty 
on the other side of the wheel to be filled ass 
before. The wheel is moved by the weight of 
the water contained in the buckets on the descending side. Fig. 146 repre- 
sents an overshot wheel 



What propor- 
tion of power is 
lost by the un- 
dershot wheel? 

Describe the 
construction of 
the Overshot 
WheeL 



Fia. 146. 
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The overshot wheel is one of the most effective varieties of 
water-wheels, and receives its name from the circumstance 
that the water shoots over it. It requires a fall in the stream, 
rather higher than its own diameter. Wheels of this kind, 
when well constructed, utilize nearly three fourths of the mov- 
ing force of the water. 

354. The Breast Wheel may be considered as a variety 
TOMta^tion^f intermediate between the overshot and the undershot wheels, 
the Breast- jjj ^^ ^Jjq water, instead of falling on the wheel from above, 
or passing entirely beneath it, is delivered just below the level 
Fia 147. 



What propop- 
tioa of the 
moring power 
is utilized hy 
the overshot 
wheel? 



V*heeL 




of the axis. The race-way, or passage for 
the water to descend upon the side of the 
wheel, is built in a circular form, to fit the 
circumference of the wheel, and the water 
thus inclosed acts partially by its weight, 
and partially by its impulse, or momentum. 
Fig. 147 represents a breast-wheel, with its 
circular race-way. 

The breast- wheel, when well constructed, 
will utilize about 65 per cent of the mov- 
ing power of the water. It is more eflBcient 
than the undershot wheel, but less than the 
overshot It is therefore only used where the fall happens to be particularly 
adapted for it 

365. The fourth class of water-wheels, the "Tour- ^^' ^^8- 

bine," or " Turbine," is a wheel of modem invention, R 
and is the most powerful and economical of all water- /" 
engines. 

The principles of the construction and action of the 
Tourbine wheel may be best understood by a previous 
examination of the construction of another water- 
engine known as "Barker's Mill" (See Fig. 148.) 

This consists of an upright tube or 
construction of cylinder, furnished with a smaller 
Barker's MilL cross-tube at the bottom, and en- 
larged mto a funnel at the top. The whole cylinder 
is so supported upon pivots at the top and bottom, 
that it revolves freely about a vertical axis. It is 
evident if there are no openings in the ends of the 
cross-tubes, and the whole is filled with water, that 
the entire arrangement will be simply that of a dose 
vessel filled with water, without any tendency to motion. I^ however, the 
ends of the anns, or cross-tube, have openings on the sides, opposite to one 
another, as is represented in the figure, the sides of the tube on which the 
openings are, will be relieved fi-om the pressure of the column bf water in the 
upright tube by the water fiowing out, whQe the pressure on the sides oppo- 
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Describe the 
constmction 
and action of 
the Toorbine 
WheeL 



m^r. 



site to them, which have no openings, will remain the same. The machine, 
therefore, will revolve in the direction of the greater pressure, that is, in a 
direction contrary to that of the jets of water. A supply of water poured into 
the flinnei-head, keeps the cylinder full, and the pressure of the column of 
water constant 

The action of this machine may also be explained according to another 
view : the pressure of the column of water in the upright tube, will cause the 
water to be projected in jets from the openings at the ends of the arms in 
opposite directions ; when the recoil, or reaction of these jets upon the ex- 
tremities of the cross-tubes, gives a rotary motion to the whole machine upon 
its vertical axis. 

The Tourbme wheel derives its motion, like the Barker's 
mill, from the action of the pressure of a column of water. 
It consists of a fixed, horizontal cylinder, A B, Fig. 149, in 
the center of which the water enters from an upright tube or 
_ cylinder, corresponding in position 

^^' ^^^' to the upright cyUnder of a Bark- 

er's mill. The water descend- 
ing in the tube diverges from the 
center in every direction, through 
curved water-channels, or com- 
partments, A and B, formed m the 
horizontal cylinder, and escapes at 
the circumference. Around the 
fixed horizontal cylinder, a hori- 
zontal wheel, D, m the form of a 
ring or circle, is fitted, with its rim 
formed into compartments exactly 
similar to the compartments of the 
fixed cylinder, with the exception 
that their sides curve in an oppo- 
site direction. The water issuing 
from the guide-curves A B, strikes against the cvirved compartments of the 
wheel B, and causes it to revolve. The wheel, by attachments beneath the 
fixed cylinder A B, is connected with a shaft, E, which passes up through the 
fixed and upright cylinder, and by which motion is imparted to machinery. 

The Tourbine wheel may be used to advantage with a fell 
ISstency * of of ^^ter of any height, and will utUize more of the force of 
the Tourbine the moving power than any other wheel — amounting, in som 
^^®®*' instances, as at the cotton factories at Lowell, Mass., to up- 

ward of 95 per cent, of the whole force ol the water. 

Is it possible ^56. It may appear strange to those unacquainted with the 
to construct a action of hydraulic engines, that so much of the power exist- 
whichwm ren- ing in the agent we nse for producing motion, as running 
der the whole • water, should be lost, amounting in the undershot wheel to 
gojrer ar - ^^ ^^ ^^^ ^^ ^^ whole power. This is due partially to the 
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friction of the water against the surfaces upon which it flows, and to the fno- 
tion of the wheel which receives the force of the current Force is also lost 
by changing the direction of the water in order to convey it to the machinery ; 
in the sudden change of velocity which the water undergoes when it first 
strikes the wheels ; and more than all, from the fact that a considerable amount 
of force is left unemployed in the water which escapes with a greater or less 
velocity from every variety of wheel It may be- considered as practically 
impossible to construct any form of water-engine which will utilize the whole 
force of a current of water. 

36*7. Water, althoug)i one of the most abundant substances m nature, and 
a universal necessity of life, is not always found in the location in which it is 
desirable to use it Mechanical arrangements, therefore, adapted to raise 
water from a lower to a higher level, have been among the earliest inventions 
of every country. 

What were 858. The application of the lever, in the 
^|?4"?4fo; form of the old-fashioned well-sweep (still 
raising water? ^^^ jj^ many paits of . this country, and 
throughout Eastern Asia), of the pulley and rope, and 
the wheel and axle in the form of the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

The screw of Archimedes, invented by the philosopher 
Archimedei whose name it bears, is a contrivance for raising water, of 
■"«^' great antiquity. 

This machine, represented in Pig. 
ilO* 160. i5Q^ consists of a tube woimd in a 

spirsd form about a solid cylinder, A 
B, which is made to revolve by turn- 
ing the handle H. This cylinder is 
placed at a certain inclination, with 
its lower extremity resting in the* 
water. As the cylinder is made to 
revolve, the end of the tube dips into 
the water, and a certain portion er- 
ters the orifice a. By continuing 
the revolution of the cylinder, the 
water flows down a series of inclined 
planes, or to the under side of the 
tube, and if the inclination of the 
^be be not too great, the water will finally flow out at the upper orifice into 
a proper receptacle. 

The following diagram, Fig. 151, representing the curved tube in two 
opposite positions, will illustrate the action of the Archimedes*screw. Suppose 
a marblis dropped into the tube at a^ fig. 1, : if it was kept stationary in the 
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FiQ. 151. tabe until it was turned half round, as in the 

position, fig. 2, the marble would be at a'; now, 
if at liberty to move, it would roll down to 6'; 
but this effect, which we have supposed accom- 
plished all at once, is really, gradually performed, 
and a rolls down toward b' by the gradual turn- 
!\«r ing of the tube, and reaches h' as soon as the 
screw comes into the position marked in fig. 2 ; 
another half turn of the screw would bring it 
into its first position, and the marble would 
gradually roll forward to c. 

When was the ^^^' "^^^ common suction-pump is a later discovery than the 
common pump screw of Archimedes, and is supposed to have been invented 
invented ? y^y Ctesibius, an Athenian engineer who lived at Alexandria^ 

in Egypt, about the middle of the second century before the Christian era.* 

T> „!., XI- 360. The chain-pump 

Describe the . - . , , 

construction of consists Of a tube, or cyl- 

thechain-pump. -^^^^^^ ^^e lower part of 

which is immersed in a well or reser- 
voir, and the upper part enters the bot- 
tom of a cistern into which the water is 
to be raised. An endless chain is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, which fit tightly in the 
tube. As the wheel revolves, they suc- 
cessively enter the tube, and carry the 
water up before them, which is dis- 
charged into the cistern at the top of the 
tube. The machine may be set in mo- 
tion by a crank attached to the upper 
wheel 

Pig. 152 represents the construction 
and arrangement of the chain-pump. 

Inwhatsitua- '^^ chain-pump will 
tions is this act vnth its greatest ef 

SSXT^df f^ ^'^^ *« cylinder 
in which the plates and 
chain move, can be placed in an inclined 
position, instead of vertically. It is used 
generally on board of ships and in sit- 
uations where the height through which 
the water is to be elevated is not very great, as in cases where the founda- 
tions of docks, eta, are to be drained. 

• The suction-pump, and other machines for raising water which depend upon the 
pressure of the atmosphere, are described under the head of Pneumaticfl. 
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For what other 
parposeii than 
rainng water 
ie the chain- 
pomp used? 



What is an Hy. 
diaolicBamr 



Describe the 
ooDBtruction of 
the HydrauUc 



Fia. 153. 



This machine is not, however, used exclusively for raising 
water. Its application, in principle, may be seen in any grist- 
mill, where it conveys the flour discharged from the stones, 
to an upper part of the building, where it is bolted. Dredge 
ing machines for elevating mud from the bottom of rivers, are 
also oonstructed on the same principle. 

361. The Htdbaulic Ram is a machine 
constructed to raise water by taking advantage 
of the impulse, or momentum, of a current of water sud- 
denly stopped in its course, and made to act in another 
direction. 

The simplest construction of the hydraulic ram is repre- 
sented m Fig. 153, and its operation is as follows :— At the 
end of a pipe, B, connected with a spring, or reservoir, A, 
somewhat elevated, from which a supply of water is derived, 
is a valve, E, of such weight as just to fall when the water is quiet, or still, 

within the pipe ; this pipe is con« 
nected wilii an air-chamber, D, 
from which the main pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut Suppose now, the 
water bemg still within the tube^ 
the valve E to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing through B soon acquires a 
momentum, or force, sufficient to 
raise the valve E up against its seat The water, being thus suddenly ar- 
rested in its passage, would by its momentum burst the pipe, were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained m the 
chamber D is condensed by the sudden influx of the water, but immediately 
reacting by means of its elasticity, forces a portion of the water up into the 
tuba F. 

As soon as the water in the pipe B is brought to a state of rest, the valve 
of the air-chamber doses, and the valve £ frills down or opens ; again the 
stream commences running, and soon acquires sufficient force to shut the 
Talve E ; a new portion is then, by the momentum of the stream, urged into 
the air-chamber and up the pipe F ; and by a contmuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more improved construction of the ram, in which by 
the use of two air-chambers, G and F, the force of the machine is greatly in- 
creased. A represents the main pipe, B the valve from whence the water 
escapes, G the pipe in which it is elevated. 
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As this machine produces a kind of intennitting motion from the alternate 
flux and reflux of the stream, accompanied with a noise arising from the shock, 
its action has been compared to the butting of a ram ; and hence the name of 
the machine. 

It will be seen firom these detafls, that a very insignificant pressing column 
of water, running in the supply pipe, is capable of forcing a stream of water 
to a very great height, so that a sufficient fall of water may be obtained in any 
running brook, by damming up its upper end to produce a reservoir, and then 
carrying the pipe down the channel of the stream until a sufficient fall is 
obtained. A considerable length of descending pipe is desirable to insure the 
action of the stream, otherwise the water, instead of entering the air-veesel, 
may be thrown back, when the valve is dosed, into the reservoir. 



■deuce of 
Pueamatics? 



CHAPTER X. 

PNBUMATICa 

What iB fhe 862. Pneumatics is that department of 
physical science which treats of the motion 
and pressure of air,* and other aeriform, or 
gaseous substances. 

Into what two ^^^' A-criform, or gaseous bodies, may be 
SSSr*L'S ^i^^®^ ^^^^ two classes, viz., the permanent 
abwccB be di- gases, or those which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

364. Atmospheric sdr is taken as the tjrpe, or representative, of all perma- 
nent gases, and steam as the type of all vapors, because these sabstances pos- 
sess the general properties of gases and vapors in the utmost perfection. 

What is the 865. The atmosphere is a thin, transparent 
atmosphere? fluid, Or acrifotm substanco, surrounding the 
earth to a Considerable height above its surface, and which 
by its peculiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmospheric air is composed of oxygen and nitrogen mixed together in the proportion 
of seventy-nine parts of nitrogen and twenty-one of oxygen, or ahont fonr-fifths nitrogen 
to one-fifth oxygen. These two gases existing In the atmosphere are not chemically com- 
htned with each other, hnt merely mixed. 

Beride these two Ingredients there is always in the air, at all places, carbonic acid gal 
and watery vapor, in yarlable proportions, and sometiiites also the odoriferous matter of 
flowers, and other rolatile substances. 

The air in all regions of the earth, and at all elevations, never varies in oompositior, so 
fiu as regards flie proportions of oxygen and nitr(^en which It contains, no matter whether 
it be collected on the top of high monntains, over marshes, or over deserts. 

It is a wonderful principle, ^r law of nature, that when two gases of different weights, 
or specific gravitieB, are mixed together, they can not remain separate, as fluids of difler- 
ent densities do, but diffuse thcmselres uniformly thronghnut the whole space which both 
occupy. It is, therefore, by this law that a rapor, arising by its own elasticity from a 
volatile substance, is caused to extend its influence and mingle with the surrounding at- 
mosphere, untCl its effects become so enfeebled by dilution as to be Imperceptible to the 
senses. Thus we are enabled to ei^oy and perceive at a distance the odor of a flower- 
garden, or a perfiime which has been exposed in an apartment. 
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The atmosphere is not, as is generally regarded, invisibleL 

phere^vllSe?" ^^^^ ^^^ through a great extent, as when we look upward 

in the sky on a clear day, the vault appears of an azure, or 

deep blue color. Distant mountains also appear blua In both these instances 

the color is due to the great mass of air through which we direct our vision. 

The reason that we do not observe this color in a small quan- 
a small qoanti- tity of air is, that the portion of colored light reflected to the 
%Ateoiotf^' eye by a limited quantity is insufficient to produce ihe requis- 
ite sensation upon the eye, and in this way excite in the mind 
a perception of the color. Almost all slightly transparent bodies are exam- 
ples of this fact 

If a glass tube of small bore be filled with sherry wine, or wine of a simi- 
lar color, and looked at through the tube, it will be found to have all the 
appearance of water, and be colorless. If viewed from above, downward, in 
the direction-of its length, it will be found to possess its original color. In 
the first instance, there can be no doubt that the wine has the same color 
as the liquid of which it originally formed a part ; but in the case of small 
quantities, the color is transmitted to the eye so faintly, as to be inadequate to 
produce perception. For the same reason, the great mass of the ocean 
appears green, while a small quantity of the same water contained in a glass 
is perfectly colorless. 

Does air poB- ^66. All, in common with other material 
S^tk? *^^t- substances, possesses all the essential quali- 
ttesofmatterf ^{q^ of matter, as impenetrability, inertia, and 



weight. 

What are 



367. The impenetrability of air may be shown by taking a 

prodris of the hollow vessel, as a glass tumbler, and immersing it in water 

to^5f°^f^*"' with its mouth downward ; it will be found that the water 

will not fill the tumbler. If a cork is placed upon the water 

under the mouth of the tumbler, it will be seen that as the tumbler is pressed 

down, the air in it will depress the surfece of the water on which the cork 

floats. The diving-bell is constructed on the same principle. 

,^ , 368. The inertia of the air is shown by the resistance which 

What are 

proofs of the it opposes to the motion of a body passing through it Thus^ 

inertia of air? jfyre Open an umbrella^ and endeavor to carry it rapidly with 

the concave side forward, a considerable force will be required to overcome 

the resistance it encounters. A bird could not fly in a space devoid of air, 

even if it could exist without respiration, since it is the inertia^ or resistance 

of the particles of the atmosphere to the beating of the wings, which enables 

it to rise. The wings of birds are larger, in proportion to their bodies, than 

the fins of fishes, because the fluid on which they act is less dense, and has 

proportionally less inertia, than the water upon which the fins of fishes act 

To what ex- 869. Air is highly compressible and perfectly 

tent is air ploafip 
compressible? eiasilC. 

By these two qualities air and all other gaseous substances 
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are particnlarly distinguished from liquids, which resist compression, and pos- 
sess but a small degree of elasticity. Illustrations of the compressibility- of air 
are most familiar. A quantity of air contained in a bladder, or India-rubber 
bag, may be easily forced by the pressure of the hand, to occupy less space. 
There is, indeed, no theoretical limit to tlie compression of air, for with every 
additional degree of force, an additional degree of compression may bo obtained. 
^^ . The elasticity, or expansibility of air, also manifests itself 

8es8 anT con- in an unlimited degree. Air cannot be said to have any 
Tolamo? ** original size or volume, for it always strives to occupy a 

larger space. 
^Mtaremas. When a part of the air inclosed in any vessel is withdrawn, 
expansibility that which remains, expanding by its elastic property, Blw&ja 
of ^t fills thfe dimensions of the vessel as completely as before. If 

nine tenths were withdrawn, the remaining one tenth would occupy the same 
space that the whole did formerly. 

This tendency of air to occupy a larger space, or in other words, to increase 
its volume, causes it when confined in a vessel, to continually press against 
the inner surface. If no corresponding pressure acts from the outer surface, 
the air will buret it, unless the vessel is of considerable strength. This fact may 
be shown by the experiment of placing a bladder partially filled with air be- 
neath the receiver of an air-pump, and by exhausting the air in the receiver 
the pressure of the external air upon the outer sur&ce of the bladder is re- 
moved. The elasticity of the air contained in the bladder being then unre- 
sisted by any external pressure, will dilate the bladder to its fiillest extent, 
and oftentimes burst it. 

^ . . ^ . 369. Air, as well as all other gases and va- 

ilas air weight? ' . , ^ ^ 

pors, possesseB weight. 

The weight of air may be shown by first weighing a suitable vessel filled 
with air ; then exhausting the air from it by means of an air-pump, and weigh- 
ing agmn. The difference between the two weights will be the weight of the 
air contained in the vesseL 

The weight of 100 cubic inches of air is about 31 grains. 
To what is fbe ^'^^' ^^^ elasticity, or expansion of air is due 
S*dM*7 **' *^ *^® peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very different manner from what they do in solid and 
liquid bodies. 

In solid bodies, these forces hold the molecules, or particles together so 
closely, that they can not change their respective positions ; they also hold 
together the particles of liquid bodies, but to such a limited extent only, as to 
enable the particles to move upon each other with perfect freedom. But in 
gases, or ssriform substances, the molecular forces act repulsively, and give to the 
particles a tendency to move away fix)m each other; and this to so great an ex- 
tent^ that nothing but external impediments can hinder their further expansion. 
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What Umitfl ^® questioD, therefore, naturally ocean in this connection, 
the atmosphere viz.: If air expands unlimitedlj, when unrestricted, why does 
to the earth? ^^^ q^, atmosphere leave the earth and diflftise itself through- 
out space indefinitely ? This it would do were it not for the action of gravi- 
tation. The particles of au", it must be remembered, possess weight, and by 
gravity are attracted toward the center of the earth. This tendency of gravity to 
condense the air upon the earth's surface, is opposed by the mutual repulsion 
existing between the particles of air. These two forces counterbalance each 
ether : the atmosphere will therefore expand, that is, its particles will separata 
from one another, until the repulsive force is diminished to such an extent as to 
render it equal to the weight of the particles, or what is the same thing, to 
the force of the attraction of gravitation, when no further expansion can tak^ 
place. We may therefore conceive the particles of air at the upper sur&ce of 
the atmosphere resting in equilibrium, under the influence of two opposite 
forces, viz., their own weight, tending to cany them downward, and the 
mutual repulsion of the particles^ which constitutes the elasticity of air, tend, 
ing to drive them upward. 

What law reg- 871. The density of the air, or the quantity 
dtV?f*the*Sl contained in a given bulk, decreases with the 
mosphere? altitude, OF height above the surface of the 
earth. 

This is owing, to the diminished pressure of the air, and Fia. 1 55. 

the decreasing force of gravity. Those portions directly 
incumbent upon the earth are most dense, because they bear 
the weight of the superincumbent portions; thus, the hay 
at the lower part of the stack bears the weight of that 
above, and is therefore more compact and dense. (See Fig. 
155.) This idea may be conveyed by the gradual shading 
of the figure, which indicates the gradual diminution in the 
density of the atmosphere in proportion to its altitude. 
When is air 372. Air is Said to be rarefied 

said to be rare- , •. • t . i i 

fied? when it IS caused to expand and occupy a 

greater space. 

Generally, when we speak of rarefied air, w© mean air that is expanded to 
a greater degree, or is thinner, than the air at the immediate surface of the 
earth. 

373. The great law governing the compressibility of air, which is known 
from its discoverer as " Mariotte's Law," may be stated as follows : 
What is Ma- ^hc volumc of spacc which air occupies is in- 
riotte's Lav? ycrsely as the pressure upon it. 

If the compressing force be doubled, the air which is compressed wffl 
occupy one half of the space : if the compressing force be increased in a three- 
fold proportion, it will occupy one third the space; if fourfold, one fourth the 
space, and so on. 




PNEUMATICS. 



167 



'Wbak relation 

exists between 
the compressi- 
biUty of air 
and its elastic- 
ity and densitj f 



The relation between the compressibility of air, and its elasticity and dens- 
ity, also obeys a certain law which may thus be expressed : — 

874. The density and elasticity of air are 
directly as the force of compression. 

This relation is clearly exhibited by the followmg table : — 
With the same amount of air, occupying the space of 

■*^» ^> h «» ii V) Tifjn 
the elasticity and density will be 1, 2, 3, 4, 5, 6, 100. 
"What are 11- Hence by compressmg air into a very small space, by means 
lustrations of of a proper apparatus, we can increase its elastic force to such 
thegasticforoe ^j extent as to apply it for the production of very powerftd 
effects. The well-known toy, the pop-gun, is an example of 
the application of this power. The space A of a hollow cylinder, Fig. 156, is 
inclosed by the stopper, p, at one end, and by the end of the rod, S» at the 
other end. This rod being pushed further into the cylinder, the air contained 
in the space, A, is compressed until its elastic force becomes so great as to 
drive out the stopper, p, at the other end of the cylinder with great force, 



Fio. 156. 




accompanied with a report The air-gun is constructed and operated on a 
similar principle. pj^ ^5^^ 

375. The laws of Mariotte may be 
lostrate the illustrated and proved by the foUowing 
Jawa ofMariotte. experiment: let A B D be a long, 
bent glass tube, open at its longer extremity, and fti^ 
nished with a stop-cock at the shorter. The stop-cock 
being open so as to allow fiee communication with 
the air, a quantity of mercury is poured mto the 
open end. The surfaces of the mercury will, of course, 
stand at the same level, E F, in both legs of the 
tube, and will both sustain the weight of a col- 
umn of air reaching trom E and F to the top of 
the atmosphere. If we now close the stop-cock, D, 
the effect of the weight of the whole atmosphere 
above that pomt is cut off, so that the surface, F, can 
sustain no pressure arising from the weight of the 
atmosphere. Still, the level of the mercury in both 
legs of the tube remams the same, because the elas- 
ticity of the air inclosed in F D is precisely eqtial, and 
sufficient to balance the weight of the whole column 
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of atmosphero pressing upon the surface, E. If this were not the case, or if 
there were no air in F D, then the weight of the atmosphere pressing upon 
the surface E would force the mercury, E B C F, up into the sfflCie, F D. Ihe 
dasiicity of air is, there/ore^ direcUy proportionaU to the forces or compression^ 
exerted upon it. 

It is evident that the pressure exerted upon the sur&ce, E, Fig. 157, what- 
ever may be its amount, is that of a column of air reaching from E to the top 
of the atmosphere, or, as we express it, the weight of one atmosphere. The 
amount of this pressure, accurat«.l7 determined, is equal to the weight, or 
pressure, which a column of mercury 30 mches high would exert on tlie 
same surface. If then, we pour into the tube, A E, Fig. 157, as much 
mercury as will raise the sur&ce in the leg A B 30 inches above the 
Bur&ce of the mercury in the leg D 0. we shall have a pressure on the 
Bur&ce of E equal to two atmospheres; and smce liquids transmit pressure 
equally in all directions, the same pressure will be exerted on the air indhided 
in the leg D F. This will reduce it in volume one halt, or compress it into 
half the space, and the mercury will rise in the leg D F from F to F'. This 
weight of two atmospheres reduces a given quantity of air into one half its 
volume. In .the same manner, if mercury be again poured into the tube A 
E until the surface of the column in A E is 60 inches above the level of the 
mercury in D F, then the air in D F will be compressed into one third of its 
original volume. In the same manner it could be shown, by continuing these 
experiments, tha^the diminution of the volume of air will always be in the 
exact proportion of the increase of the compressing force, and its volume can 
also be increased in exact proportion to the diminution of the compressing 
force. In fact this law has been verified by actual experiment, until the air 
has been condensed 27 times and rarefied 112 times. 

Air has been allowed to expand into more than 2,000 times its bulk, and 

it would have expanded stifl more if greater space had been allowed. Air 

has also been compressed into less than a thousandth of its usual bulk, so as 

to become denser than water. In this state it still preserved its gaseous form 

and condition. 

•«<r ^v 1 vi. 3*^6- ^e ^<K^ that air possesses weight, and consequently 
Wasthewelght *^^ =• "» , , j ^ 

of air known exerts pressure, was not known until about two hundred years 

dentB*?* *°" ago. The ancient philosophers recognized the fact, that air 

was a substance, or a material thing, and they also noticed 

that when a solid, or a liquid, was removed, that the air rushed in and filled 

up the space that had been thus deserted. But when called to give a 

reason for this phenomenon, they said "that nature abhorred an empty 

space," or a " vacuum," and therefore filled it up with air, or some liquid, or 

soUd body. 

What is a 377. A vacuum is a space devoid of matter; 

▼acuumf jjj general, we mean by a vacuum a space de- 
void of air. 

No perfect vacuum can be produced artificially ; but confined spaces can 
be deprived of air sufficiently for all experimental and practical purpo8e& 



PNEUMATICS. 169 

VJ'edo not know, moreover, that any vacuum exists in nature, although there 
is no conclusive evidence that the spaces between the planets are filled with 
any material ^bstance. 

If we dip a pail into a pond, and fill it with water, a hole (or vacuxmi) is 
made in the pond as big as the pail ; but the moment the pail is drawn out, 
the hole is filled up by the water around it. In the same manner air rushes 
in, or rather is pressed in by its weight, to fill up an empty space. 
„ , When we place one end of a straw, or tube in the mouth, 

frater riae in a and the Other end in a liquid, we can cause the liquid to rise 
^w by sac- ^ ^^ straw, or tube by sucking it up, as it is called. We^ 
however, do no such thing ; we merely draw mto the mouth 
the portion of air confined in the tube^ and the pressure of the external air 
which is exerted on the sur&ce of the liquid into which the tube dips, being 
no longer balanced by the elasticity of the air in the tube, forces the liquid up 
into the mouth. I^ however, the straw were gradually increased in length, 
we should find that above a certain length we should not be able to raise 
water into the mouth at all, no matter how small the tube might be in diam- 
eter ; or, in other words, if we made the tube 34 feet long, we sliiould find 
that no power of suction, even by the most powerful machinery instead of 
the mouth, could raise the water to that height The water rises in the com- 
mon pump in the same way that it does in the straw ; but not above a height 
of 33 or 34 feet above tho level of the reservoir. 

„ ^ 378. The reason why water thus rises ui a straw, or pump, 

ascent of water remained a mystery until explained and demonstrated by Tor- 
tfon^fosV «*^ "^^^^' * P^P^ of Galileo. It is clear that the water is sus- 
piainedandde- tauied in the tube by some Xorce, and TorriceUi argued that 
monBtrated? whatever it might be, the weight of the column of water sus- 
tained must be the measure of the power thus manifested ; consequently, if 
another liquid be used, heavier or lighter, bulk for bulk, than water, Vien the 
sameybrce must sustain a lesser or greater column of such liquid. By using a 
much heavier liquid, the column sustained would necessarily be much shorter, 
and the experiment in every way more manageable. 

TorriceUi verified his conclusions in the following manner: — ^He selected 
for his experiment mercury, the heaviest known liquid. As this is 13^ 
times heavier than water, bulk for bulk, it followed that if the force imputed 
to a vacuum could sustain 33 feet of water, it would necessarily sustain 
13^ times less, or about 30 inches of mercury. TorriceUi therefore made the 
following experiment, which has since become memorable in the history of 
science : — 

He procured a glass tube (Fig. 158) more than 30 inches long, open at one 
end, and closed at the other. Filling this tube with mercury, and applying 
his finger to the open end, so as to prevent its escape, he inverted it, plung- 
ing the end into mercury contained in a cistern. On removing the finger, he 
observed that the mercury in the tube fell, but did not fall altogether into the 
cistern ; it only subsided untU its surface was at a height of about 30 inches 
above the sor&ce of the mercury in the cistern. The result was what Tor- 

8 
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ricelli 'expected, and he soon Fio. 158. 

perceived the true cause of the 

phenomenon. The weight of 

the atmosphere acting upon 

the surface of the mercury in 

♦he vessel, supports the liquid 

in the tube, this last being 

protected fipom the pressure of 

the atmosphere by the closed 

end of the tube. 

379. The fact 
How was the ., , ., , 

conclusion of that the col- 
Torricem for- ^mn of mer- 
therverined? 

cury in the 

tube was sustained by the 
pressure of the atmosphere, 
was further verified by an ex- 
periment made by Pascal in 
France. He argued, that if 
the cause which sustained the 
column in the tube was the 
weight of the atmosphere act- 
ing on tbe external surface of 
the mercury in the cistern, 
then, if the tube was trans- 
ported to the top of a high 
mountain, where a less quan- 
tity of atmosphere was above ""^^ ^ -,__ __^= ^— '*" 
it, the pressure would be less, 

and the length of the column less. The experiment was tried by carrying 
tho tube to the top of a mountain in the interior of France, and correctly 
noting the height of the column during the ascent. It was noticed that the 
height ,of the column gradually diminished as the elevation to which the 
instrument was carried increased. 

The most simple way of proving that the column of mercury contained in 
the tube, as in Fig. 158, is only balanced against the equal weight of a column 
of air, is to take a tube of suflBcient length, and having tied over one end a 
hladder, to fill it up with mercury, and invert it in a cup of the same liquid ; 
the mercury will now stand at the height of about 30 inches ; but if with a 
needle we make a hole in the bladder closing the top of the tube, the mer- 
cury in the tube immediately falls to the level of that in the cup. 

•r^ ji^ xt. These experiments by Torricelli led to the invention of the 

How did the ^ ^ ^ . , . , ^ 

experiment of Barometer. It was noticed that a column of mercury sua- 

to**thr^?nvt*^ tiined in a tube by the pressure of the atmosphere, the tube 
tion of the Ba- being kept in a fixed position, as in Fig. 159, fluctuated fit)m 
wmeter? ^^ ^^ ^^^^ within certain small Umits. This effect waa 




PNEUMATICS. 



171 



naturally attributed to the variation in the weight or pres- 
sure of the incumbent atmosphere, arising Scorn various me- 
teorological causes. ^ ' 

Thus, when the air is moist or filled with vapors, it is lighter 

than usual, and the column of mercury stands low in the q 

tube ; but when the air is dry and free from vapor, it is heavier, 
and supports a longer column of mercury. 

So long as the vapor of water exists in the 
atmosphere, as a constituent part of it, it con- 
tributes to the atmospheric pressure, and thus 
a portion of the column of mercury in the ba- 
rometer tube is sustained by the weight of the 
vapor ; but when the vapor is condensed, and 
takes on a visible form, as clouds, etc., then it no longer 
forms a constituent part of the atmosphere, any more than dust, 
smoke, or a balloon floating in it does, and the atmospheric 
pressure being diminished, the mercury in the tube falls. In 
this \\ ay the barometer, by showing variations in the weight 
of the air, indicates also the changes in the weather. 

380. The space above the mercury in the 
barometer tube, A D, Fig. 169, is called the 



Fig. 159. 
A 







Why should 
the presence of 
ejndensed va- 
por of water in 
the atmos- 
phere afTect its 
pressure? 



What is the 
most perfect 
vacuum with 
which we are 
acquainted? 



■ 



Torricellian vacumn, and is the nearest approach to a perfect 
vacuum tliat can be procured by art ; for upon pressing the 



lower end deeper in the mercury, the 
whole tube becomes completely filled ; the fluid again 
falling upon elevating the tube, it is therefore a per- 
fect vacuum, with the exception of a small portion 
of mercurial vapor. 

381. Barometers are constructed m very different 
forms — ^the principle remaining the same, of course, in 
all. The first barometer constructed was simply a tube 
closed at one end, filled with mercury, and inverted 
in a vessel containing mercury, as in Fig. 159. 
What is the ^ ^^^ common form of barometer, 
construction of called the " Wheel-Barometerj" con- 
^me^OT?^^' sists of a glass tube, bent at the bot- 
tom, and filled with mercury. (See 
Fig. 160.) The column of mercury in the long arm 
of the tube is sustained by the pressure of the atmos- 
phere upon the surface of the mercury in the shorter 
arm, the end of which is open. A small float of iron 
or glass rests upon the mercury in the shorter arm of 
the tube, and is suspended by a slender thread, which 
is passed round a wheel carrying an index, or pointer. 
As the level of the mercury is altered by a variation 
of the pressure of the atmosphere, the float resting 
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upon the open surface, is raised or lowered in the ^ Fio. 161. 

tube, moving the index over a dial-plate, upon which 
the various changes of the weather are lettered. 

Fig. 160 represents the internal structure of the 
wheel-barometer, and Fig. 161 its external appear- 
ance, or casing, with a thermometer attached. 
De«^be the ^ very curious barometer, called 
Aneroid B»- the "Aneroid Barometer" has been 
rometer. invented and brought into use veithin 

the last few years. Fig. 162 respresents its ap- 
pearance and construction. Its action is dependent 
•n the effect produced by atmospheric pressure on a 
Fio. 162. metal box, from 

which the air 
has been ex- 
hausted. In the 
interior of the 
box is a circu- 
lar spring of ^ 
metal, fastened 
at one extremi- i 
ty to the sides 
of the box, and 
attached at the 
other extremity 
by a suitable ar- 
rangement to a 
pointer, which 
moves over a 
dial-plate, or 
scale. The in- 
terior of the box being deprived of air, the atmospheric pressure upon the 
external surfaces of the metal sides is very great, and as the pressure varies, 
these surfaces will be elevated and depressed to a slight degree. Th\^ motion 
is communicated to the spring in the interior, and from thence to the pointer, 
which, moving upon the dial, thus indicates the changes in the weather, or 
the variation in the pressure of the atmosphere. 

What are the Water, or some other liquid than mefcury, may be used for 
peculiarities of filling the tube of a barometer. But as water is 13^ times 
rometeV?'*^' ^g^^^^r than mercury, the height of the column in the water- 
barometer supported by atmospheric pressure, will be 13^ times 
greater than that of mercury, or about 34 feet high ; and a change which 
would produce a variation of a tenth of an inch in a column of mercury, would 
produce a variation of an inch and a third in the column of water. The 
Water-barometer is rarely used, for various reasons, one of which is, that a 
barometer 34 feet high is unwieldy and difficult to transport. 
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382. The ordinary use of the barometer on land as a weather 
▼aiue of the indicator is extremely lunited and uncertain. It has been 
barometer as a already stated that the weight of 100 cubic inches of air is 
aSor?' ° about 30 grains. To obtain this result, it is necessary that the 

experiment should be performed at the level of the sea, and it 
is also requisite that the temperature of the au* should be about 60o Fahren- 
heifs thermometer, and that the height of the column of mercmy in the ba- 
rometer tube should be 30 inches. As these conditions vary, the weight, or 
pressure of the atmosphere, and consequently the height of the mercury in 
lae barometer tube must also vary. Especially will the height of the mer* 
curial column vary with every change m the position of the mstrument as 
regards its elevation above the level of the sea. A barometer at the base of 
a lofty tower will be higher at the same moment than one at the top of the 
tower, and consequently two such barometers would indicate different com- 
ing changes in the weather, though absolutely situated in the same place. No 
correct judgment, therefore, can be formed relative to the density of the at* 
mosphere as affecting the state of the weather, without reference to the situ- 
ation of the instrument at the tune of making the observation. Consequently, 
no attention ought to be paid to the words ^^fair^ rain, chang^abU,^^ etc., fre- 
quently engraved on the plate of a barometer, as they will be found no cer- 
iain indication of the correspondence between the heights marked, and the 
state of the weather. 

The barometer, however, may be generally relied on for 
maj'^rhl^- furnishing an indication of the state of the weather to this ex- 

rometer be re- ^^^ . that a fell of the mercury in the tube shows the ap- 

teningctongSi proach of foul weather, or a storm; while a rise indicates 
Uitheweather? ^j^^ approach of feir weather. 

At sea, the todications of the barometer respectmg the weather, are gener* 
ally considered, from various circumstances, more reliable than on land: the 
great hurricanes which frequent the tropics, are almost always indicated, some 
time before the storm occurs, by a rapid fell of the mercury. 

383. If a barometer be taken to a point elevated above the 
taroinTte? *bl surfece of the earth, the mercuiy m the tube will fall ; because 
Bi^^for deter- ^g ^^ ascend above the level of the sea, the pressure of the 
hSghf of * 4|^mogphere becomes less and less. In this way the barometer 
mountaiMf maybe used to determine the he^htsof mountains, and tables 
have been prepared showing the dejrrees of elevation corresponding to the 
amount of depression in the column of mercury. 

What is tbe 384. The absolute height to which the at- 
tnvvoaedheifiht mospherc extends above the surface of the 

of tne atmos- r j 

pberef garth is not certainly known. There are good 

reasons, however, .for believing that its height does not 
exceed fifty miles. 
This envfilope of air is about as thick, in proportion to thf whole prlnho, as 
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the liquid layer adhering^ to an orange after it has been dipped in water, is 
to the entire mass of the orange. Of the whole bulk of the atmosphere, the 
zone, or layer which surrounds the earth to the height of nearly 2 3-4 miles 
from its sur&ce, is supposed to contain one hal£ The remaining half being 
relieved of all superincumbent pressure, expands into another zone, or belt^ 
of unknown thickness. Fig. 163 will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth, and the thickness 
of the atmosphere. The concentric lines divide the atmosphere into six layeFs, 
containing equal quantities of air, showing the great compression of the lower 
layers by the weight of those above them. 

FiQ. 163. 




Water is about 840 times the weight of air, taken bulk for 
comparmtiTa bulk, and the weight of the whole atmosphere enveloping our 
^taf^^'h*^ *?• globe has been estimated to be equal to the weight of a globe 
of lead sixty miles in diameter. 
If the whole air were condensed, so as to occupy no more space than the 
same weight of water, it would extend above the earth to an elevation of 
thirty-four feet 

385. All aerlfonn, or gaseous substances, 

like liquids, transmit pressure in every direc- 

■tances exert- tion equallj ; therefore, the atmosphere presses 

upward, downward, laterally, and obliquely, 

with the same force. 

386. 



How Ib the 
pressure of 



What is the 
amount of 
pressure ex- 
erted by the 
atmosphere f 



Whatpreasnre 
is sustained 
by the haman 
hodyt 



Why are we 
Dot crushed by 
the pressure of 
«be atmoaphere? 



The amount of pressure which the at- 
mosphere exerts at the level of ^be ocean is 
equal to a force of 16 pounds for every square 
inch of surface. 

The 8ur&ce of a human bodj, of average size, meaimres 
about 2,000 square inches. Such a bodj, therefore, sustains 
a pressure from the atmosphere amounting to 30,000 pounds, 
or about 15 tons. 

The reason we are not crushed beneath so enormous a load, 
is because the atmosphere presses equally in all directions, 
and our bodies are filled with liquids capable of sustaining 
pressure, or with air of the same density as the external air; 
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flo that the external pressure is met and counterbalanced bj the internal re* 
Biatance. 

If a man, or animal were at. once relieved of all atmospheric pressure, all 
the blood and fluids of the body would be forced by expansion to tlie sur&oe, 
and the vessels would burst 

„^ ^ ^ ^ , Persons who ascend to the summits of very hiffh mountainai 

What effect ig , . . x ,..,., *. . , 

experienced la or who rise to a great elevation m a balloon, have expenenoed 
ri^ngto great ^^ j^Qgj; intense suffering from a diminution of the atmos- 
pheric pressure. The air contained in the vessels of the bodj^ 
being relieved in a degree of the external pressure, expands, causing intense 
pain m the eyes and ears, and the minute veins of the body to swell and 
open. Travelers, in ascending the high mountains of South America, have 
noticed the blood to gush from the pores of the body, and the skin in many 
places to ciack and burst. 

What iB the ^® become painfully sensible of the effect of withdrawing 
principle of the external pressure of the atmosphere from a portion of the 
" capping r* gjjjjj ^f ^Q jj^y jjj ^Q operation of cupping. ^ This is effected 
in the following manner : a vessel vrith an open mouth is connected with a 
pump, or apparatus for exhausting the air. The mouth of the vessel is ap- 
plied in air-tight contact with the skin ; and by working the pump a part of 
the air is withdrawn from the vessel, and consequently the skin within the 
vessel is relieved from its pressure. All other parts <^ the body being still 
subjected to the atmospheric pressure, and the elastic force of the fluids con- 
tained in the body having an equal degree of tension, that part of the skin 
which IS thus relieved from- the pressure swells out, and will have the ap- 
pearance of being sucked into the cupping-glass. 

If the lips be applied to the back of the hand, and the breath drawn in so 
as to produce a partial vacuum m the mouth, the skin will be drawn, or sucked 
in — not from any force resident m the lips or the mouth drawing the skin in, 
but fi*om the &ct that the usual external pressure of air is removed, and the 
pressure from within the skin is allowed to prevail 

. - The sense of oppression and lassitude experienced in sum- 
ten feel op- mer previous to a storm, is caused by -uv ira 
V^^ /***"" a diminished pressure of the atmosphere. ^^' ^^ 

The external air, in such instances, be- 
comes greatly rarefied by extreme heat and by the con- 
densation of vapor, and the air inside us (seeking to 
become of the same rarity) produces an oppressive and 
suffocating feeling. 

_ _^ ^. 387. The direct effects of atmospheric 

Deseiibe the , .« _x_ ^ j v 

eommon sock- pressure may be illustrated by many 

^* practical experiments. If a piece of 

moist leather, called a sucker. Fig. 164, be placed in 
cLoBQ contact with any heavy body, such as a stone, or a 
piece of metal, it will adhere to it, and if a cord be at- 
tached to the leather, the stone, or metal, may be raised 
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Upon vhat 

Sinciple are 
8 enabled to 
n Ik apon the 
Ctiilins, etc f 



Explain the 
principle and 
eoiistruetion of 
the exhausting 
syringe and air- 
pump f 



by it The effect of the sacker arises from the ezduskm of the air between 
the leather and the sur&oe of the stone. The weight of the atmosphere 
presses their surfaces together with a force amounting to 15 pounds on every 
square mch of the surface of contact If the sucker could act with fiill 
effect, a disc an inch square would support a weight of 15 pounds ; two 
square inches, 30 pounds, etc. The practical effect, however, of the sucker 
ismuchlesa 

388. The power of flies and other small insects to walk on 
ceilings, and. surfaces presented downward, or upon smooth 
panes of glass, in opposition to the gravity of their bodies, is 

generally relt^red U> a sucker-like action of the palms of their 
leet Kecent investigations have, however, proved, thatr the effect is rather 
due to the mechanical action of certain minute luurs growing upon the feet| 
which are tubular and excrete a sticky liquid. 

389. For the purpose of exhibiting the effects produced by 
the atmosphere in different conditions, and for various practi- 
cal purposes, instruments have been contrived by which air 
may be removed from the interior of a vessel, or condensed 
into a small space to any extent, within certain limits. The 

first of these requirements may be obtained by the use of the instruments 
known as the exhausting syringe and the air-pump. 

The exhausting syringe consists of a hollow cylinder, generally YiQ. 165. . 
of metal, B 0, Fig. 165, very truly and smoothly bored upon the 
inside, and having a piston moving in it air-tight This cylinder 
communicates by a screw and pipe at the bottom, with any ves- 
sel, generally called a receiver, from which it is desirable to with- 
draw the air. The piston has a valve at E, opening upward, 
and at the bottom of the (^linder another valve precisely similar 
is placed, which also opens upward, shown at A. Suppose 
now the piston to be at the bottom of the cylinder and the re- 
ceiver to be in proper connection — upon raising the piston by 
the handle, D, a vacuum is made in the cylinder ; immediately 
the air in the receiver expands, passes through the valve A at 
the bottom of the cylinder, and fills its interior ; upon depressing 
the piston, the valve £ opening upward permits the air to pass 
tiirough, and the valve A at the bottom of the cylinder closing, 
prevents it fix>m passing back into the receiver. Upon again 
raising the piston, a fiirther portion of air expanding from the 
receiver, enters the interior of the syringe, and upon depressing the piston, 
passes out through its valve. It is evident that this operation may be con- 
tinued as long as the air within the receiver has elastk^ity sufQcient to force 
open the valves. 

The process of removing air firom a vessel, or receiver, by means of the ex- 
hausting Sjrringe is slow and tedious, and more powerful instruments, known 
as air-pumps, are generally employed for this purposa The modem form 
of constructing the air-pump is represented by Fig. 166. The principle of its 
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Fia. 166. 




eoDStroction is the same as 
that of the exhausting sj- 
ringei the piston being work- 
ed bj a lever or handle, as in 
the common pamp, the valves 
qpening and closing with 
great nicetj and perfection. 

Wh.t to «., 381. When 
oonstmction of the density 
^S^r^^ of the air is 

required to 
be increased, the condensing 
syringe, the converse of the 
exhausting syringe, is em- 
ployed. It consists merely 
of an exhausting syringe, or 
air-pump^ reversed, its valves 
being so arranged as to force 
air into a chamber, instead of 
drawing it out. For this 
purpose, the valves open 
inward in respect to the inteno" -t' the cylinder, while in the exhausting 
syringe and air-pump, they open o»Jtward. 

382. That the air in the inside of 

vessels is the force which resists and 

counterbalances the great pressure 

of the external atmosphere, may be 

proved by the following experiment : 
A strong glass vessel. Fig. 167, is provided, open 
both at top and bottom, and having a diameter of 
four or five inches. Upon one end is tied a bladder, 
so as to be completely air-tight, while the other end is 
placed upon the plate of an air-pump. Upon exhaust- 
ing the air from beneath the bladder, it will be forced 
inward by the pressure of the air outside, and when the 
exhaustion has been carried to such an extent that the 
strength of the bladder is less than this pressure, it will 
burst with a loud report 

What is the ^^^' '^^^ air-pump was invented, in 
ttcpcriment of the year 1654, by Otto Guericke, a Ger- 
man, and at a great public exhibition of 

its powers, made in the presence of the 
emperor of Germany, the celebrated experiment known 
as the '^ Magdeburg Hemispheres," was first shown. The 
Magdeburg Hemispheres, so called from the city where 
Guericke resided, consist of two hollow hemispheres of 

8* 



What is an ex- 
perimental 
proof of the 
crashing force 
of the atmofl- 
pheref 



Fig. 167. 




PlO. 168. 



the Magdeburg 
HemisphereBf 
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Fig. 169. 



Describe fhe 
priDciple and 
construction of 
the gasometer. 




Fig. 170. 



brass, Fig. 168, which fit together air-tight By exhausting the air in their 
interior, by means of the air-pump, and a stop-oock arrangement affixed to 
one of the hemispheres, it will be found that they can not be pulled apart 
without the exertion of a very great force, since they will be pressed to- 
gether with a force of 15 pounds for every square inch of their surface. 
In the exhibition above referred to, given of these hemispheres by Guericke, 
the sur&ces of a pair constructed by him were so large, that thirty horses^ 
fifteen upon a side, were unable to pull them apart By admitting the air 
agam to their interior, the Magdeburg hemispheres &11 apart by their owa 
weight 

Another interestmg example of atmospheric pressure is^ 
to fill a wine-glass, or tumbler with water to the brim, 
and, having placed a card over the mouth, to invert it 
cautiously. If the card be kept in a horizontal position, 
the water will be supported in the glass by the pressure 
of the air against the urface of the card. (See Fig. 169.) 
384. In a like manner, if we take a 
jar, and having filled it with water, in- 
vert it in a reservoir or trough, as is rep- 
resented in Fig. 170, it will continue to be 

completely filled with water, the li- 
quid being sustained in it by the pres- 
sure of the atmosphere upon the water 
in the vessel Such an arrangement 
enables the chemist to collect and pre- 
serve the various gases without admix- 
ture with air; for if a pipe or tube 
through which a gas is passing be 
depressed beneath the mouth of the 
jar, so that the bubbles may rise iuto 
it, they will displace the water, and be 
collected in the upper part of the jar, 
tree of all admixture. 

The gasometers, or large cylindrical 
vessels in which gas is collected in 
gas-works for general distribution, are 
constructed on this principle. They 
consist, as is shown in ilg. 171, of a 
forge cylindrical reservoir suspended with its mouth downward, and plunged 
in a dstem of water of somewhat greater diameter. A pipe which leads 
fix)m the gas-works is carried through the water, and turned upward, so as to 
enter the mouth of the gasometer. The gas, flowing through the pipe, rises 
into the gasometer, filling the upper part of it, and pressing down the water. 
Another pipe, descending from the gasometer through the water, is continued 
to the service pipes, which supply the gas. The gjasometer is balanced by 
counter weights supported by chains, which pass over pulleys, and just such 
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a preponderance is aUowe^l lo it as is sufficient to give the gas contained in 
it the compression necessary to drive it through the pipes to the remotest part 
of the district to be illuminated. 

Fig. 171. 




Why will not 
« liquid flow 
from a ti^t 
cask with only 
one opening? 



385. A liquid will not flow continuously from a tight cask 
after it has been tapped or pierced, unless another opening 
is made as a vent-hole, in the upper part of the cask. The 
cask being air-tight, with the exception of a single opening 
the surface of the liquid in the vessel will be excluded from 
the atmospheric pressure, and it can only flow out in virtue of its own 
weight But if the weight of the liquid be less than the force of the air press- 
ing upon the mouth of the opening, the liquid can not flow from the cask; the 
moment, however, that the air is enabled to act through the vent-hole in the 
upper part of the cask, the pressure below is counterbalanced, and the liquid 
descends and runs freely through the openmg by its own weight,. 

If the lid of a tea-pot or kettle be air-tight, the liquid will not flow freely 
from tbe spout, on account of the atmospheric pressure. This is remedied by 
making a small hole in the Ud, which -allows the air to enter from without 
The Pneumatic Ink-stand, de- 
signed to prevent the ink from 
thickening, by the exposure of a 
small surface only to the air, is 
constructed upon the principles 
of atmospheric pressure. It consists of a close 
glass vessel, represented in Fig. 172, from the 
bottom of which a short tube proceeeds, the 
depth of which is sufficient for the immersion " 

of the pen. By filling the ink-stand in an inclined position, we exclude the 



What iB the 
principle and 
construction of 
the Pneumadc 
Ink-stand ? 
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air in great part fW>m the interior, and on replacing it in an upright position, 
the ink will be prevented from rising in the small tube and floiring over, on 
account of the atmospheric pressure upon the exposed sur&ce of the ink in 
the small tube, which is much greater than the pressure of the column of 
liquid in the interior of the vessel As the ink in the small tube is consumed 
hy use, its surface will gradually &U; a small bubble of air will enter and 
rise to the top of the bottle, where it will exert an elastic pressure, which 
causes the surface of the ink in the short tube to rise a little higher, and this 
effect will be repeated until all the ink in the bottle has been used. 

386. The peculiar gurgling noise produced when liquid is 
bStfe ^gSJgi fr®®*y poured from a bottle, is produced by the pressure of the 
when a liquid atmosphere forcing air into the interior of the bottle. In the 
lj?^t'^it?"' first instance, the neck of the bottle is filled with Uquid, so as 

to stop the admission of air. When a part has flowed out, 
and an empty space is formed within the bottle, the atmospheric pressure 
forces in a bubble of air through the liquid in the neck, which by rushing 
suddenly into the interior of the bottle, produces the sound. The bottle will 
continue to gurgle so long as the neck continues to be choked with hquid. 
But as the contents of the bottle are discharged, the liquid, in flowing out, 
only partially fills the neck ; and, while a stream passes out through the lower 
half of the neck, a stream of air passes in through the upper part The flow 
being now continued and uninterrupted, no sound takes place. 

387. Water, and most liquids exposed to the air, absorb a 
^tn'initerf^ greater or less quantity of it, which is maintained in them by 

the pressure of the atmosphere acting on their sur&ces. 
Boiled water is flat and insipid, because the agency of heat expels the air 
which the water previously contained. Fishes and other marine animals 
^^tfoid not live in water deprived of air. 

. The presence of air in water may be shown by placing a 

prewnce of air tumbler containing this liquid under the receiver of an alr- 
Jhowii*r' ^ pump, and exhausting the air. The pressure of the air being 

removed from the sur&ce of the water, minute bubbles wfll 
^ake their appearance in the whole mass of the water, and rising to the but- 
lace, escape. 

,_^ . ^ The reason that certain bottled liquors froth and spartcle 

votUed liquids when uncorked and poured into an open vessel is, that when 
froth and spar- ^Jjq^ ^^ bottled, the air confined under the cork is condensed, 

and exerts upon the surface a pressure greater than that of 
the atmosphere. This has the effect of holding, in combination with xhe 
Jiquor, air or gas, which, under the atmospheric pressure only, would escape. 
If any air or gas rise from the liquor after being bottled, it causes a still greater 
condensation, and an increased pressure above its surface. When the cork 
is drawn from a bottle containing liquor of this kind, the air fixed in the 
liquid, being released firom the pressure of the aur which was condensed under 
the cork, instantly makes its escape, and rising in bubbles^ produces efferves- 
cence and frotlu 
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It sometimes happens that the nnited force of the air and gaaes thus con- 
fined in the bottle, becomes greater than the cohesive strength of the parti- 
cles of matter composing the bottle ; the sides of the bottle in such cases give 
way or burst. 

Those liquors only froth which are viscid, glutinous, or thick, like ale, por- 
ter, eta, because they retain the little bubbles of air as they rise ; while a thin 
liquor, like champagne, which suffwa the bubbles to escape readily, sparkles. 
H i th ^^^' '^® pressure of the atmosphere is connected with the 

pressure of the action of breathing. The air enters the lungs, not because 
conM^d'with **^®^ ^^^ ^* ^ ^^^ ^^ *^® weight of the atmosphere forcing 
the act of it into the empty spaces formed by the expansion of the air- 
breathing? ^jjg Qf^Q lungs. The air in turn escapes fix>m the lungs by 
means of its elasticity ; the lungs, by muscular action, compress the air con- 
tained in them, and give to it by compression a greater elastksity than the air 
without By this excess of elasticity it is propelled, and escapes by the 
mou^ and nose. 

389. It has been proposed to take advantage of the pressure 
proTOse? con! 0^*^© atmosphere for the construction of an atmospheric tele- 
structionof the graph, or apparatus for conveying the mails and other matter 
jSmfph?^ over great distances with great rapidity. The plan proposed 
is as follows ; — a long metal tube is laid down, the interior 
surface of which is perfectly smooth and even. A piston is fitted to the tube 
in such a manner as to move freely in it and yet be air-tight To one side 
of this piston the matter to be moved, made up in the form of a cylindrical 
bundle, is attached. A partial vacuum is then made in the tube before the 
piston, by means of large air-pumps, worked by steam-power, located at the 
further end of the tube, when the pressure of the atmosphere on the other 
side of the piston unpels it forward through the whole length of the exhausted 
tube. It has been estimated that a piston, drawing after it a considerable 
weight of matter, could in this way be forced through a tube at the rate of 
600 miles per hour. 

390. The pressure of the atmosphere is taken advantage of in the con- 
struction of a great variety of machines for raising water ; the most important 
and famiHar of which is the common, or suction pump. 

Dewjribe the ^he commoD, or suction pump, consists 

Se'^'US^mon ^^ ^ hoUow Cylinder, or barrel, open at both 
pump. ends, in which is worked a movable piston, 

which fits the bore of the cylinder exactly, and is air-tight. 
The pump is further provided with two valves, one of 
which is placed in the piston, and moves with it, while 
the other is fixed in the lower part of the pump-barrel. 
These valves are termed boxes. 

Fig. 113 represents the construction of the common pump. The body con- 
sists of a cylinder, or barrel, 6, the lower part of which, called the suction- 
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pipe, descends into the water which it is designed to Fio. 1*73. 

raisa In the barrel works a piston containing a valve, 

Pf opening upward. A similar valve, ^, is fixed in the 

boay of the pump, at the top of the suction-pipe. S is 

a spout from which the water raised by the working of 

the piston is discharged. 

The operation of the pump in raising water is as fol- 
lows ; — when the piston is raised from the bottom of the 
cylinder, the air above it is drawn up, leaving a vacuum 
below the piston ; the water in the well then rushes up 
through the valve ^, and fills the cylinder ; the piston is 
then forced down, shutting the valve, ^, and causing the 
water to rise through the piston- valve, p ; the piston is 
then raised, closing its valve, and raising the water 
above it, which flows out of the spout, S- 

,^ , 391. Water rises in a pamp 

Why does . • i i i 

water rise in a Simply and entirely by the 

common pump r *■ *' n ^ * i 

pressure oi the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacuum left by the up- 
drawn piston. 

To what height ^92. The common, or suction pump, can 
ilfthl^m^ not raise water beyond the point of height at 
pump? which the column of water in the pump tube 

is exactly balanced by the weight of the atmosphere. The 
utmost limit of this does not exceed 34 feet. 

The height to which water is thus forced up in a pump is simply a question 
of balance ; 15 pounds' pressure of the atmosphere can support only 16 pounds' 
weight of water ; and a column of water, one inch square and 34 feet high, 
will weigh 15 pounds. As the pressure of the atmosphere is subject to va- 
riations, and as the mechanism of the pump is never absolutely perfect, the 
length of the pipe through which water is to be elevated ought never to 
exceed in practice 30 feet above the level of the water in the well, or reserr 
voir. 




WhAt is 
Valve? 



393. A valve, in general, is a contrivance by 
which water or other fluid, flowing through a 
tube or aperture, is allowed free passage in one direction, 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
open it. 
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Figs. 1*74, 1*75, and 176, represent the yarious forms of valyes used in 
pumps, water-engines, etc. 



Fia. 174. 



Fig. 175. 



Fig. 176. 





394. When it is desired to raise water to a greater height tiian 34 feet, a 
modification of the pump, called the forcing-pump, is employed. 

The Forcing-Pump is an apparatus which 



What is a 



Foroing.pampf yaises watci from a reservoir, on the principle of 
the suction-pump, and then, by the pressure of the piston 
on the water, elevates it to any required height. 



Fig. 177. 




Fig. 177 represents the principle of the construction 
of the forcing-pump. There is no valve in the pis- 
ton c (Fig. 177), but the water raised through the suc- 
tion-pipe a, and the valve gr, by the elevation of the 
piston, is forced by each depression of the piston up 
through the pipe c c, whicja is furnished with a valve to 
prevent the return of the liquid* 

The forcing-pump, as constructed in Fig. 177, ejects 
the water only at each stroke of the piston, in the 
manner of a syringe. When it is desired to make the 



flow of the water contmuous 
as in a fire-engine, an air, 
chamber is added to the 
force-pump, as is represented 
at A, Fig. 178. The water 
then, instead of immediately 
passing off through the discharging-pipe, partially 
fills the air vessel, and by the action of the piston 
in the pump, compresses the air contained in it. 
The elasticity of the air, thus compressed, being in- 
creased, it reacts upon the water, and forces its ascent 
in the discharge, or force-pipe. When the aii in the 
chamber is condensed into half its original bulk, it 
will act upon the surface of the water with double 
the atmospheric pressure, while the water in the 
force-pipe, being subject to only one atmospheric 
pressure, there will be an unrestricted force, press- 
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ing the water up, equal to one atmosphere: consequently, a column of water 
will be sustained, or projected to a height of 34 feet When the air is con- 
densed into one third of its bulk, its elastic force will be increased throe- 
fold, and it will then not only counterbalance the ordinary atmospheric 
pressure, but will force the water upward with a pressure equal to two at- 
mospheres, or 64 feet, and so on. The ordinary fire-engine is simply a conve* 
nient arrangement of two forcing-pumps, furnished with a strong air-chamber, 
and which are worked successively by the elevation and depression of two 
1 jng levers called brakes. 

What is a 395. The Syphon is an apparatus by which 
Syphon? ^ liquid can be transferred from one vessel to 
another without inverting, or otherwise disturbing the 
position of the vessel from which the liquid is to be re- 
moved. 

In its sunplest form, the syphon consists of a bent 
tube, ABC, Fig. 179, having one of its branches 
longer thai^the other. If we immerse the short arm 
in a vessel of water, and by applying the mouth to 
the long arm, as at C, exhaust the aur in the tube, 
the water will be pressed over by atmosphenc pres^ 
sure,. and continue to flow so long as the end of the 
lower arm is below the level of the water in the vessel 
^ The action of the syphon is readily 

principle does explained: the column of liquid in 
thesyphonact? ^^^ y^^j^^ ^^^^ and that reaching ui 

the shorter arm from the top of the curve or bend to the surface of the liquid 
in the vessel, have both a tendency to obey the attraction of gravity and fell 
out of the tube. This tendency is opposed, " however, on both sides, by 
atmospheric pressure, acting on one side at the opening C, and upon the 
other upon the surface of the liquid in the vessel, thus preventing, in the 
interior of the tube, the formation of a vacuum, which would take place at 
the curve, if the two columns ran down on both sides. But the column 
on one side being longer than upon the other, the weight of the long 
column overbalances the short one, and determines the diroction of the 
flow; and ui proportion as the liquid escapes from the long arm, a fresh 
portion is forced into the short arm on the other side by the pressure of 
the air. The syphon is, therefore, kept full by the pressure of the atmos- 
pliere, and kept running by the irregularity of the lengths of the columns in 
its branchea 

A suction-tube is sometimes attached to the syphon to make it more use- 
ful and efficient, as is represented in Fig. 180. By this means we may fill 
t!ie whole syphon without the liquid entering the mouth, by sucking at 
the end of the suction-tube, and temporarily closing the end of the longer 
arm. 

In order that the discharge of a liquid by means of the syphon should be 
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Fig. 180, 
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perfectly constant, it is nec- 
essary that the difference 
of lengths of the columns of 
liquid in both branches 
should be immovable. 
This may be effected by 
connecting the syphon with 
a float and puUey, as is 
^Represented in Fig. 181. 

^ , . .V The curl- 

Explain the , 

phenomenon OUS pneno- 

of intermitting menon of 
springs. . 

mtenmttmg 

spiings may be explained 
upon the principle of the 
syphon. These springs run 
for a time and then stop , 
altogether, and after a time | 
run agam, and then stop. 
If we suppose a reservoir ^^^ 
in the interior of a hiU or '^'^' 
mountain, with a syphon- 
like channel running from it, as 
in Fig. 182, then as soon as the 
water collecting in the reservoir 
rises to the height shown by the 
dotted line, the stream will be- 
gin to flow, and continue flow- 
ing till the reservoir is nearly 
emptied. Again, after an in- 
terval long enough to fill the 
reservoir to the required height, 
it will again flow, and so on. 

When will a ^^^' ^^ ^ 8oli4 substance have the same 
S^imdeTlS density as atmospheric air, it will, when im- 
the air? mersed in air, lose its entire weight, and will 

remain suspended in it in any position in which it may 
"be placed. 
^ ^ 397. If a solid body, bulk for bulk, be lighter 

When win a, , , , , . , ji. 

body rise in than atmospheric air, it is pressed upward by 
the surrounding particles of air, and rises, upon 
the same principle as a cork rises from the bottom of a 
vessel of water. (See § 85.) 



Fig. 182. 
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As the densily of the air oontinuaDy dimmishes afl we 
wm^^ia^d- ascend fix)m the surface of the earth, it is evident that such 
ing body re- a body, as it goes up, will finally attain a height where the air 
main staUon- ,^^ j^^^^ ^j^^ ^^^ density as itself, and at such a point the 
body will remain stationary. Upon this principle clouds, at 
different times, float at different degrees of elevation. 

It is also upon these principles that aerostation, or the art of navigating the 
^, depends. 

What are Bai- 398. Balloons are machines which ascecl 
looM? through the atmosphere, and float at a certain 
height, in virtue of heing filled with a gas or air lighter 
than the same bulk of atmospheric air. 
„^ ^ ^^ Balloons are of two kinds. Montgolfieb, 

What are the /» -i . -i -ii i tt 

two rarietiea or rarefied air balloons, and Hydrogen gas 

ox balloons f 

balloons. The first are filled with common 
air rarefied by heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen, a gas about fourteen times lighter than 
air. 

Describe th '^^ rarefied air-balloon was invented by Montgolfier, a 

Montgoifier, or French gentleman, in 1782, who first filled a paper bag with 
loon*^ "^ ^**" ^®**®^ *""> ^^^ allowed it to pass up a chimney. He after- - 

ward constructed balloons of silk, of a spherical shape, with 
an aperture formed in the lower surface. Beneath this opening a light wire 
basket was suspended, containing burning material The hot air arising from 
the burning substances, enters the aperture, and rendering the balloon specific- 
ally lighter than the air, causes it to ascend with considerable velocity. 
Small balloons of a similar character are frequently made at the present day 
of paper, the air within them being rarefied by means of a sponge soaked in 
alcohol, suspended by a wire beneath the mouth, and ignited. 
Describe the ^^® hydrogen gas balloon consists of a light silken bag, 
hydrogen gaa filled either with hydrogen, or common illuminating gas. The 
baUoon, difference between the specific weight of either of these gases 

and common air is so great, that a large baUoon filled with them possesses 
ascensional power sufficient to rise to g^at heights, carrying with it consid- 
erable additional weight. The aeronaut can descend by allowing the gas to 
escape by means of a valve, thereby diminishing the bulk of the balloon. To 
enable him to rise again, ballast is provided, generally consisting of bags of 
sand, by throwing out. which, the balloon is lightened, and accordingly 
rises. 

By means of one of these machines Gay Lussac, an eminent French chem- 
ist, ascended in 1804, for the purpose of making meteorological observations, 
to the great height of 23,000 feet 
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Do the laws of 399. Air obeys the laws of motion which 
mo^n apply g^^ commoii to all Other material and ponder- 
able substaDces. 
Howisthemo- 400. The momentum of air, or the amount 
SSted^?*^ of force which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 
way as in the case of solids, viz., by multiplying its weight 
by its velocity. 

What fli a- ■'^^ momentum of air is usefully employed as a mechanical 
trations of the agent in imparting motion to wind-mills and to ships. Its 
momentum of ^Qg^ striking effects are seen in the force of wind, which oc- 
casionally, in hurricanes and tornadoes, acts with fearful 
power, prostrating trees and buildings. Such results are caused by the mo- 
mentum of the air being greater than the force by which a building, or a tree 
ia &stened to the earth. 

401. Any force acting suddenly upon the air from a center, 
the rings of imparts to it a rotary movement. A very beautiful illustra- 
S^^kTmowT **^°^ of this is seen m the rings of smoke which are produced 
and in the dia- by the mouth of a skilAil tobacco-smoker, and frequently also 
TOn'?^ ®^ ****■ upon a much larger scale by the discharge of cannon, on a 

still day. In these cases a portion 
of air acted upon suddenly from a center is caused ^^^' ^ ' 

to rotate, and the particles of smoke render the mo- /jrTv'^^^llC^lS'^St 
lion visible. The whole circumference of each (5^ ^^^^ 

circle is in estate of rapid rotation, as is shown by ^^<8?if^y^Ar^ 
the arrows in Fig. 183. The rapid rotation in ' 

short, confines the smoke within the narrow limits of a circle, and causes the 
rings to be well defined. 

PBACTiCAL PROBLEMS IN PNEUMATICS. 

1. If 100 cable inches of air weigh 81 gndnt, what will be the weight of one cable foot f 

2. If the preasare of the atmosphere be 16 pounds upon a square ineh, what pressure 
win the body of an animal sustain, whose sapeiflcial sarfaoe is forty square feet ? 

3. When the elevation of t^e mercury in the barometer is 28 inches, what will be the 
height of a column of water supported hy the inressnre of the atmosphere ? 

Solutkfn: Column of mercury supported by the atmosphere — 28 inches. Merenry 
being 13^ times heavier than water, the odlumn of water supported by the atmosphere — 
13^x28=31 feet. 

4. When the elevation of the mercury in the barometer is 30 inches, what will be the 
height of a column of water supported by the atmosphere? 

5. To what height may water be raised by a common pump, at a place where the ba- 
rometer stands at 24 inches ? 

6 If a cuhio inch of air weighs .30 of a grain, what weight of air wlU a vessel whose 
capacity is 60 cable inches, contain ? 



CHAPTER XL 



ACOUSTICS. 

402. Acoustics is that department of phys- 

What li the . 1 . u- I. X ^ f^v. X / 

■cienoe of ical 80161106 whioQ troats 01 the nature, phe* 
~"" " nomena, and laws of sound. It ako includes 

the theory of musical concord or harmony. 

403. Sound is the sensation produced on the 
organs of hearing, when any sudden shock or 

impulse, causing vibrations, is given to the air, or any 
other body, which is in contact, directly or indirectly, with 
the ear. 

Under what dr. ^04 When an elastic body is disturbed at 
XltoJ^iore- ^^7 point, its particles execute a series of vi- 
mentBariw? bratory movcmeuts, and gradually return to a 
position of rest. 

Thus when a glass tumbler is struck by a hard body, a tremulous agitation 
is transmitted to its entire mass, which movement gradually diminishes in 
force until it finally ceases. Such movements in matter are termed vibra- 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratory movements may be illustrated by noticing 
the visible motions which occur on striking or twitching a tightly extended 
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cord, or wire. Suppose such a cord, repre- 
sented by the central line in Fig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elasticity ; but when it 
reached the central point, it would have ac- 
quired so mudi momentum as would cause 
it to pass onward to a; thence it would vi- 
brate back in the same manner to B, and back again to h. the extent of its 
vibration being gradually diminished by the resistance of the air, so that it 
would at length return to a state of rest 

Describe the In vibratory movements of this kind all the separate par- 
Mtnre of a sta- Hcieti oome into motion at the same time, simultaneously pass 
tfon, the point of equilibrium, or rest, simultaneously, reach th(« 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tion. Such vibrations are therefore called stationary, or fixed vibrationa 
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Describe fhe 
nature of a 
progressiye Ti- 
bratioD. 



How may fhe 
sound-vibra- 
tions in solid 
bodies be ren> 
dered visible f 



If} however, the motions of the vibrating body are of such a 
character that the agitation proceeds from one particle to an- 
other^ so that each makes the same vibration, or oscillation, 
as the preceding one, with the sole exception of the motion 
beginning later, we have what is called progressive vibrations. Thus if we 
fasten a cord at one end, and move the other end up and down, a wave, or 
progressive vibration, is produced. 

As the clearest conception can be formed of vibrations by comparing them 
to the waves produced by throwing a stone into smooth water, the term ul- 
dolatory, or wave movement, has been adopted in general to* express the 
phenomena of vibrationa 

405. Daily experience teaches us that almost every motion of bodies in our 
vicinity is accompanied by a noise perceptible to our ears. All such sounds 
are the result of the vibrations of a portion of matter, and the nature of the tone^ 
or sound, depends only on the manner in which these vibrations originate. 

406. Sound- vibrations in soUd bodies may be rendered vis- 
ible by many simple contrivances If we attach a ball by 
means of a string to a bell, and strike the bell, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is sounding, also, the tremulous motion of its particles may be 
perceived by gently touching it with the finger. If the finger is pressed 
firmly against the bell, the sound is stopped, because the vibrations are in- 
ierrupted. When sounds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating from the sides 
toward the center of the glass. 

When a tuning-fork is struck and made to sound, its vibrations Fio- 18& 
are clearly visible, both branches alternately approaching and re- 
receding from each other, as is represented in Fig. 185. 

If we strike a tuning-fork, and then touch the surface of mercury 
with one of its extremities, the sur&ce of the mercury will exhibit 
little undulations or wavea 

„ .. The most interesting method of exhibiting the 

so-eaiied aeous- character of sound is by means of the so-called 
dScSff'** ^^ "acoustic figures," which may be produced m the 
following manner: — Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plate 
firmly by means of a pair of pincers, draw a violin bow down the edge; the 
land is put in motion, and finally arranges itself along those parts of the surface 

which have the least vi- 
^^' ^ ^^' bratory motion. By chang- 

ing the point by which 
the plate is held, or by 
varying the parts to which 
the violin bow is applied, 



^ 




KS 



the sand may be made to 
Assume vaiioas intwesting figures, as Is represented in Fig. 186. 
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What is the ^^' Air is the UBual medium through 'which 
usual medium sound is convevcd to the ear. The vibrating 

through which , , . "^ , . . . i • ^ 

Boundispropa. Dody imparts to the air m coutact with it an 
undulatorjr, or wave-like movement, which, 
propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

What are eon- 408. Vibrating bodies which are capable of 
•Tons bodies ? . ^j^^g imparting undulations to the air, are 
termed sounding, or sonorous bodies. 

The aerial vibrations, or undulations thus caused, propagate themselves 
from the center of disturbance in concentric circles, in the same way that 
waves spread out upon the smooth surface of water. If such waves of water, 
propagated from a center, encounter anj obstruction, as a floating body, tliey 
will bend their coarse round the sides of the obstacle, and spread out obliquely 
beyond it So the undulations of air, if interrupted in their progress by a 
high wall or other similar impediment, will be continued over its summit and 
propagated on the opposite side of it. 

In a sound-wave or undulation of the air, as in a wave of water, there ia 
no permanent change of place among the particles, but simply an agitation, 
or tremor, communicating from one particle to another, so that each particle, 
like a -pendulum which has been made to oscillate, recovers at length its 
original position. 

This motion may be best illustrated by comparing it to the motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the direction in which the wind blows ; but this appeai^nce of 
an object moving is only delusive. The only real motion is that of the heads 
of the grain, each of which goes and returns as the stalk stoops or recovers 
itself This motion affects successively a Une of ears in the direction of the 
wind, and affects simultaneously all the ears of which the elevation or de- 
pression forms one visible wave. The elevations and depressions are propa- 
gated in a constant direction, while the parts with which the space is filled 
only vibrate to and fro. Of exactly such a nature is the propagation of sound 
through air. 

Under what ^^^' ^^ °^ substauce intervenes between the 
•homd'wr^ vibrating body and the organs of hearing, no 
•wundV^*^ sensation of sound can be produced. 

This is readily proved by placing a bell, rung by the action 
of clock-work, beneath the receiver of an air-pump, and exhausting the air. 
No sound will then be heard, althoucrh the striking of. the tongue upon the 
bell, and the vibration of the bell itself, are visible. Now, if a little air be 
admitted into the receiver, a faint sound will begin to be heard, and thia 
sound will become gradually louder in proportion as the air is gradually read- 
mitted, until the air within the receiver is in the same condition as that without^ 
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Sound, therefore, cannot be propagated through a yacuum. 

"The loudest sound on earth, therefore, cannot penetrate beyond the 
limits of our atmosphere ; and in the same manner, not the &inte3t sound 
can reach our earth from any of the other planeta Thus the most fearM 
explosions might take place in the moon, without our hearing anything of 
them.^' 

How doea the ^^O* The power of air to transmit sound 
23^ta*'".fc ^«^"®s ^th its uniformity, its density, and its 
^^*^' humidity. 

Whatever tends to agitate or disturb the condition of the atmosphere, affeda 
the transmission of 'sounds. When a strong wind blows from the bearer to- 
ward a sounding body, a sound often ceases to be heard which would be 
audible in a calm. Falling rain, or snow, interferes with the undulations of 
sound- w&ves, and obstructs the transmission of sound. 

The fact that we hear sounds with greater distinctness by 
heS^ ^unds ^^* ^^*^ ^T ^7* ™*y ^» ^ P^» acco^Jited for by the cir- 
more distinctly cumstance, that the different layers or strata of the atmosphere 
1^ S^7^ ^^ ^^^ liable to variations in density and to currents, caused 

by changes of temperature, at night than by day. The air at 
night is also more still, from the suspension of business and hum of men. 
Many sounds become perceptible during the night, which during the day are 
completely stifled, before they reach the ear, by the din and discordant noises 
of labor, business, and pleasure. 

Sound of any kind is transmitted to a greater distance in cold and clear 
weather than in warm weather, the density of air being increased by cold 
and diminshed by heat. 

On the top of high mountains, where the air is greatly rare- 
luSmtloM of ^^ *^® sound of the human voice can be heard for a sliort 
the Tiriadoa distance only ; and on the top of Mont Blanc, the explosion 
of^^soAid in ^^ ^ pistol appears no louder than that of a small cracker. 

When persons descend to any considerable depth in a diving- 
bell, the air around them is compressed by the weight of a considerable column 
of water above them. In such circumstances, a whisper is almost as loud as a 
shout in the open air; and when one speaks with ordinary force it produces 
an effect so loud as to be painful. 

Is air neces. 411. Air is Aot necessary to the production 
Junction *^f of sound, although most sounds are transmitted 
■onndf Y)y its vibratious. Sound can be produced un- 

der water, and all bodies are more or less fitted, not only 
to produce, but also to transmit sounds. 
whatsuiMtan- 412. Souud is commuuicatcd more rapidly 
^ commnrf^ 0^^^ j^^^ distinctly through solid bodies than 
most readily? through either liquids or gases. It is trans- 
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mitted by water near four times more rapidly than by air, 
and by solids about twice as rapidly as by water. 

If we strike two stones together under water, the sound will be as loud as 
If they had been struck in the air. 

When a stick is held between the teeth at one extremity, and the other is 
placed in contact with a table, the scratch of a pin on the table may be heard 
with great distinctness, though both ears be stopped. 

The earth often conducts sound, so as to render it sensible to the ear, when 
the air &ils to do so. It is well known that the approach of a troop of hoise 
can be heard at a distance by putting the ear to the ground, and savages 
practice this method of ascertaining the approach of persons from a great dia-, 
tance. 

The principle that solids transmit sounds more perfectly than air, has been 
applied to the construction of an instrument called the " stethoscope." 

The stethoscope consists of a hollow cylinder of wood, some- 
stethoscope. wliat resembling in form a small trumpet. The wide mouth 
is appUed firmly to the breast, and the other is held to the ear 
of the medical examiner, who is thus enabled to hear distinctly the action of 
the organs of respiraUon, and judge whether they are. in a healthy condition, 
or the reverse. 

How is the in- ^^^' Sound dccreases in intensity from the 
iflfec"J/by°d2? center where it originates, accordiqg to the 
*^°^^ same law by which the attraction of gravita*- 

tion varies, viz., inversely as the square of the distance. 
That is to say, at double the distance it is only one fourth 
part as strong ; at three times the distance, one ninth, and 
so on. 

This law applies with its full force only when no opposing currents of air, 
or other obstacles, mterfere with the wave movements, or undulations. By 
confining the sound undulations in tubes, which prevent their spreading, the 
force of sound diminishes much Tess rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad- 
vantage of in the construction of speaking-trumpets. 

Sounds can generally be heard, especially on a calm day, at 
heard*mo«rdS * greater distance upon water than upon land. The plane 
tinctij upon * surface of water, as a smooth wall, prevents the lateral spread- 
land f "^ *^d dispersion of the sound-waves, although on only one 
side. The air over water, owing to the presence of moist- 
ure, is also generally more dense, and the density more uniform than 
over the land. Water, in addition, is a better conductor of sound than 
the earth. 

The transmission of sound fix)ra one apartment to another may be prevented 
by filling up the spaces between the partition walls with shavings, or any 
porous substances. The number of media through which the sound must 
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pass is thus greatly increased, and every change of medium diminishes the 
strength of sound-waves. 

whatutr ▼- ^^^' The velocity of the sound undulations 
i^fwondT" ^^ uniform, passing over equal intervals in 
equal times. 
The softest whisper, therefore, flies as fast as the loudest thunder. 
wifchtrh*tve- 415. Sounds of every kind travel, when the 
iSSSit^df temperature is at 62° Fahrenheit's thermom- 
eter, at a rate of 1,120 feet per second, or 
about 18 miles per minute, or 765 miles per hour. The 
velocity of sound increases or diminishes at the rate of 13 
inches for every variation of a degree in temperature above 
or below the temperature of 62'' Fahrenheit. 

Why do we see When a gun is fired at some distance, we see the flash a 

the flash of a considerable time -before we hear the report, for the reason 

Eeartbe^ortr that light travels much &ster than sound. Light would go 

round the earth 480 times while sound was traveling 13 miles. 

A knowledge of these circumstances is taken advantage of for the measure- 
ment of distances. 

How may a Thus, suppose a flash of lightning to be perceived, and on 
tte^vefodtr of counting the seconds that elapse before the thunder is heard, 
Boand be ap- we find them to amount to 20; then as sound moves 1,120 
mS^rement ^®®* ^^ * seoond, it will follow that the thunder-cloud must be 
ofdiBtances? distant 1,120X20=22,400 feet. 

When a long column of soldiers are marching to a measure beaten on the 
drams which precede them, we may observe an undulatorj motion transmit- 
ted from the drummers through the whole column, those m the rear stepping 
a little later than those which precede them. The reason of this is, that each 
rank steps, not when the sound is actually made, but when in its progress 
down the column at the rate of 1,120 feet in a second of tune, it reaches their 
ears. Those who are near the music hear it first, wliile those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explain the 416. If two waves of water, advancing fix)m opposite direo- 

Pu ®r*l°!S"* ®^ tions, meet in such a way that their points of elevation coin- 
the interference . ,. - ■, , , 1, , . , ^ ^. ., . , -ii i. 

of sound. cide, a wave of double the height of the smgle one will be 

formed at the point of interception ; or if two wave depressions on the sut^ 
fece of water meet, a depression of double depth will be produced.^ IfJ how- 
ever, the two waves come into contact in such a manner that an elevation of 
one wave coincides with the depression of another, both will be destroyed. 
Such a result is termed an interference of waves. In the same manner when 
two series of sound undulations, propagated fix)m different sounding bodies. 
Intersect each other, a like phenomena of interference is produced — ^the two 
undulations destroy each other, and silence is produced. 

9 
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FiQ. 187. Let a b and c d, Fig. 187, represent two se- 

ries of sound undulations, advancing in such 
a manner as to cause the elevation of one at e 
to correspond with the depression of the other 
at /; then if both are equal in intensity, they 
will neutralize each other, and an instant of si- 
lence will be produced. This feet may be very 
prettily illustrated by holding a common tuning- 
fork, after it has been put in vibration, over the 
mouth of a cylindrical glass vessel, as A, Fig. 188. The air contained witliin 
Fia. 188. *^® vessel will assume sonorous vibrations, and a 

tone will be produced. If now a second glass 
cylinder be held in the position B, at r%ht angles 
to A, the musical tone previously heard will cease; 
but if either cylinder be removed, the sound will 
be renewed again in the other. In this curious 
experiment, the sUenoe arises from the interference 
of the two sounds. 

Another example of this phenomena may be 
produced by the tuning-fork alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly turned round its 
axis, a position of the two branches will be found at which the sound will 
become inaudible. This position will correspond to the points of interference 
of the two systems of undulations propagated from the two branches, or 
prongs of the fork. 

uponwhatdoea 417. The loudiiess of a sound, or its degree 
r*^ w^d^"d^ ^f intensity, depends on the force with which 
P***' the vibrations of a sounding body are made. 



SECTION I. 



MUSICAL SOUNDS. 

418. All vibrations of sonorous bodies which 
are uniform, regular, and sufficiently rapid, 
produce agreeable, or musical sounds, 
whatisthedif- 419. What constitutcs the particular diflfer- 
ence between a noise and a musical sound is 
not certainly known. A noise, however, is 
supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
tions of the air, must be all exactlv similar in duration 



What are mn- 
■ical sounds ? 



ference between 
a mnsieal sonnd 
and a noise? 
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and intensity, and must recur after exactly equal inter- 
vals of time. 

What la meant 420. If the souud impulscs be repeated at 
^LbhTwond'? ^^^ short intervals, the ear is unable to at- 
tend to them individually, but hears them as 
a contiDued sound, which is uniform, or has what is called 
a tone or pitch, if the impulses be similar and at equal 
intervals. 

,^^ . 421. The nature of musical sounds, and indeed of all sounds, 

mentffliititrateB may be illustrated by the following experiment: If we take 

mnrfod §oimd ? * **^ elastic plate of metal, a few inches in length, firmly 

fixed at one end, and &ee at the other, and cause it to 

vibrate, it will be found to emit a clear, musical sound, having a certain 

tone. 

If the plate be gradually lengthened, it yields tones, or notes, of different 

characters, until finally the vibrations become so slow that the eye can follow 

them without difficulty, and all sound ceases. 

,„^ , , 422. When the impulses, or vibrations, are few in number 

Wbenlaatone . . ^. ^» f . j ^ i. . .i. 

gmve or sharp? in a given tune, the tone is said to be grave ; when they are 

many, the tone is said to be sharp. Musical sounds are spoken 
of as notes, or as high and low. Of two notes, the higher is that which arises 
firom more rapid, and the lower from slower vibrations. 

Beside this, sounds dififer in their quality. The same musical note, pro- 
duced with the same degree of loudness, and by the same number of vibra- 
tions in the flute, the clarionet, the piano, and the human voice, is in each 
instance peculiar and wholly different. Why this is we are unable to say. 
The FV^nch call this property, by which one sound is distinguished fix)m an« 
other, the timbre, 

I Umra ^^ produce any sonnd whatever it is necessary that a cer* 

Umit to the t^ number of vibrations should be made in a certain time, 
brSons reqai- ^^ ^^^ number produced in a second falls below a certain rate, 
site to produce no sound sensation will be made upon the ear. It is believed 
**"" that the ear can distinguish a sound caused by fifteen vibra- 

tions in a second, and can also continue to hear though the number rpaches 
4 . 000 per second. Trained and sensitive ears are said to be ^ble to exceed 
these limits. 

When are two 428. Two musical Dotes are said to be in 
fa"iSlinr*^ unison when the vibrations which cause them 

are performed in equal times. 
What ii an 424. Whcu oue uotc makcs twice the uumber 

of vibrations in a given time that another makeS;^ 
it is said to be its octave. The relation, or interval which 
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exists between two sounds, is the proportion between 
their respective numbers of vibrations. 
^;niat i8 a 425. A combination of harmonious sounds 

thord. etc.? jg termed a musical chord; a succession of har- 
monious notes, a melody; and a succession of chords, har- 
mony. 

A melody can be performed, or executed by a single yolce; a harmonir 
requires two or more voices at the same time. 

Define concord 426. Whcu two toues, or uotcs, soundcd to- 
and diacord. gethor producc an agreeable effect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

Explain what ^^^* Suppose we have a stretched string, as a wire or a 
la meant by the piece of catgut, such as is used for stringed instruments: now 
afmulricr"*^* the number of vibrations which such a cord will make in a 
given time, are inversely as its length ; that is, if the whole 
cord makes a given number of vibrations iu one second, as 100, on shortening 
it one half it will make twice as many, or 200, and this will yield a note ex- 
actly an octave higher than the former one. If we reduce its length three- 
fourths, it will make four times as many vibrations as at first, and yield a 
note two octaves higher. 

Suppose the stretched string, or wire, to be 32 inches in length. When 
this is struck it will vibrate a certain number of times in a second, and give 
what is called a key-nota Reduce the string one hal^ and we have the oo- 
tave of that note. But between the key-note and its octave there is a natu- 
ral gradation by intervals in the pitch of the tone, which heard in sucQession 
are harmonious, the octave, as its name implies, being the eighth pitch of 
tone, or eighth successive note ascending from the key-note. 

These eight notes, or intervals in the pitch of tone between the key-note 
and its octave, constitute what is called the gamut, or diatonic scale of music^ 
because they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced by vibrations twice as rapid. 
These several notes are distinguished both by letters and names. They are: 
C, D, E, F, G, A, B, C; 
Or— do, re, me, &^ sol, la, si, do. 

How are the "^^^ ™*^^ *^®® ^® distinguished by numbers mdicating the 
notes of the length of the strings and the number of vibrations required 
pcale indicated f ^ produce them. Thus, the length of the string producing 
the primary, or key-note, being 32 inches, the lengths of the strings to produce 
the tones in the entire scale are — 

32, 30, 27, 24, 21, 20, 18, 16; 
or, supposing that whatever be the number of vibrations per second necessary 
to produce the first note in the scale, 0, we agree to represent it by unity, 
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or 1 ; then the numbers necessuy to prodaoe the other seven notes of the 
octave will be as follows : 

Name of note C, D, E, F, G-, A, B, C. 

Number of vibrations . 1, f , f , f , |, f , V, 2. 

However far this musical scale may be extended, it will still bo found but 

a repetition of similar octaves. The vibrations of a column of air in a pipe 

may be regarded as obeying the same general laws ; notes are naturally higher 

in proportion to the shortness of the pipes. 

, ^^ The same note produced on any musical instrument Is due 

Is the same 

note in any in- to the same number of vibrations per second. Thus, a note 

doe^^n ^Sn pwxJ^oed by a string of a piano vibrating 256 times in a seo- 
aamemaooerr ond, is also produced in the flute by a column of air vibrat- 
ing the same number of times in a second, and also in the hu- 
man voice by two chords contained in the upper part of the wind-pipe, also 
vibrating the same number of times in a second. 

It has been already stated that the number of vibrations of a cord are in- 
versely as Its length ; the number also increases as the square root of the 
force which stretches it Tlius an octave is given by the same length of string 
when stretched four times as strongly. 

SECTION II. 

BBFLEOTIOX OF SOUND. 



What to meant 



428. When waves of sound strike affainst 
Sn^ "nd*? ^^^ fixed surfisice tolerably smooth, they are 
reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

This law governing the reflection of sound is the same as that which gov* 
ems the reflection of all elastic bodies, and also, as will be shown hereafter, 
the unponderable agents, heat and light 

wh»t te aa 429. An Echo is a repetition of sound caused 
*^«' by the reflection of the sound waves, or undu- 

lations, from a surface fitted for the purpose, as the side 
of a house, a wall, hill, etc. ; the sound, after its first pro- 
duction, returning to the ear at distinct intervals of time. 
Thus if a body placed at a certain distance from a hearer produces a sound, 
this sound would be heard first by means of the sonorous undulations which 
produced it, proceeding directly and uninterruptedly from the sonorous body 
to the hearer, and afterward by sonorous undulations which, aft»r striking on 
reflecting surfaces, return to the eaK These last constitute an echo. 

In order to produce an echo, it is requisite that the reflecting body should 
be situated at such a distance from the source of sound, that the interval be- 
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tween the peroeptioQ of the original and reflected sounds ma^ be sa£Qcient to 
prevent them firom being blended together. 

When the onginal and reflected sounds are blended together, the effect 
produced is call«xl a resonance, and not an echa 

Thus, the walls of a room of ordinary size do not produce an echo^ because 
the reflecting sur&ce is so near the source of sound that the echo is blended 
with the original sound ; and the two produce but one impression on the ear. 

Large haUs, spacious churches, etc, on the contrary, often reverberate or re- 
p3at the voice of a speaker, because the walls are so ^ off from the speakei; 
that the echo does not get back in time to blend with the original souno; 
and therefore each is heard separately. 

The shortest interval sufficient to render sounds distinctly appreciable by 
the ear, is about l-9th of a second ; therefore when sounds follow at shorter 
intervals, they wiU form a resonance instead of an echo ; so that no reflecting 
surface wiU produce a distinct echo^ unless its distance from the spot where 
the sound proceeds is at least 62^ feet ; as the sound will in its progress in 
passing to and from the reflecting surface, at the rate of 1,125 feet per sec- 
ond, occupy l-9th part of a second, passing over 62^X2=125 feet 

When is ftQ ^^^- Where separate surfaces are so situ- 
^cS? ^^^' ^^^^ *^^* ^^^y receive and reflect the sound 
from one to the other in succession, multiplied 
echoes are heard. 



Fia. 189. 



An echo in a build- 
ing near Milan, Italy, 
repeats a loud sound 30 
times audibly. A river 
bounded by perpen- 
dicular walls of rock, 
where the sound is re- 
flected backward and 
forward over the sur- 
&ce of still water, is a 
&vorable situation for 
tiie production of re- 
peated echoes. Fig. 
189 represents the 
manner in which the 
~' sounds rebound, in such 

ritoations, as at 1, 2, 3, 4, from side to side. 

It is not necessary that the sur&ce producing an echo 
should be either hard or polished. It is often observed at 
sea that an echo proceeds from the surface of clouds. An 
echo at sea, however, or on an extensive plane, is beard but 
rarely, there being no surfaces to reflect sound. To insure a 
perfect echo, the reflecting sur&ce must be tolerably smooth, and of some 




What condi- 
tions of surface 
are requisite to 

J»roduce a per- 
ectechoY 
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FDl^aiai' torm. An Irre^iniiar sur&co must break tl^e echo ; and if the irregu- 
laray be very uoosiaerable, thore can be no distinct or audible reflection at 
alL J<*or tnitf reason an echo is much less perfect from the. front of a house 
which has wmdows and aoors, than from the plane end, or any plane wall of 
the same magnituae. 

Hoir is Bound 431. If tbc surface upon which the sound- 
^^^ 'iS^ waves strike be concave, it may concentrate 
^**^' souud, and reflect all that falls upon it to Jk 

point at some distance from the suriace, called the focus. 
J.JQ J9Q Thus, m Fig. 190, if the sound waves 

proceedmg in right lines from the points 

* d, e^fj gj h, strike upon the concave sur- 

* face, ABC, they will all be reflected to 
f the focus, F, and there concwitrated in 

— — — y such a way as to produce a most powerful 

Jl effect 

It is upon this principle that whisper- 
ing g^eries are constructed, and domes and vaulted ceilings often exhibit the 
fiame curious phenomena. In these instances a whisper uttered at one point 
Is reflected from the curved sur&oe to a focus at a distant pointy at which 
situation it may be distinctly heard, while m all other positions it will be in- 
audibla 

Whatoceasloiw "^ "® femiliar with the resonance produced by placing a 
the noise heard sea-sheU to the ear — an effect which fimcy has likened to the 
in A 8ea.8heU ? a ^^^ ^f ^^ ^g^v jhis is caused by the hollow form of the 
shell and its polished sorfiice enabling it to receive and return the beatings 
of all sounds that chance to be trembling in the air around the shell 

432. Speaking-tubes and speaking-trumpets depend on the principles of the 
reflection of sound. 

Fig. 191. 




I* 



Wbat is 



483. A Speaking-Trumpet (Fig. 191) is % 
^e^king-i^- hollow tubo SO coDstructed that the rays of 
sound (proceeding from the mouth when ap- 
plied to it), instead of diverging, and being scattered 
through the surrounding atmosphere, are reflected from the 
sides, and conducted forward in straight lines, thus giving 
great additional strength to the voice. 
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Fio. 192. The course of the rays of 

sound proceeding from the 
month through this instru- 
ment^ may be shown by 
Pig. 102. The trumpet be- 
ing direct<Ml to any pointy a 
collection of parallel rays of 
sound moves toward such 
point, and they rea^h the 
ear in much greater number than would the diverging rays which would pro- 
ceed from a speaker without such an instrument. 

What ii an 434. Au Ear-Trumpet la, in form and appli- 
Ear-Trumpetf cation, the icverse of a speaking-trumpet, but 
in principle the same. The rays of sound proceeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opening of the ear. 



Pio. 193. 




Fig. 193 represents the form of the ear-trumpet gen- 
erally used by deaf persons. The aperture A is placed 
within the ear, and the sound which enters at B is, by a 
series of reflections from the interior of the instrument^ 
concentrated at A. 

In the same manner persons hold the hand concave 
behind the ear, in order to hear more distinctly. The 
concave hand acts, in some respects, as an ear-trumpet, and reflects the sound 
into the ear. 

Most ef the stories in respect to the so-called " haunted houses" can be all 
satisfactorily explained by reference to the principles which govern the re- 
flection of sounds. Owing to a peculiar arrangement of reflecting walls and 
partitions, sounds produced by ordinary causes are ofl^n heard in certain 
localities at remote distances, in apparently the most unaccountable manner. 
Ignorant persons become alarmed, and their imagination connects the phe- 
nomenon with some supernatural cause. 

435. A right understanding of the principles which govern the reflection 
of sound is often of the utmost importance in the construction of buildings 
intended for public speaking, as halls, churches, eta 

Experience shows that the human voice is capable of fllling a larger space 
than was ever probably inclosed within the walls of a single room. 

The circumstances which seem necessary in order that tiie 
stances are nee- human voice should be heard to the greatest possible distance^ 
®®"*7 *? *": and with the greatest distinctness, seem to be, a perfectly 
distinctness in tranquil and UQlformly dense atmosphere, the absence of all 
hearing? extraneous sounds, the absence of echoes and reverberationfl^ 

and the proper arrangement of the reflecting sur&ces. 
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^ . A pure atmosphere in a room for speaking, being favorable 

pure stmos- to the speaker's health and strength, will give him greater 

Bhereinaroom power of voice and more endurance, thus indirectly improv- 
favor Hearing r*^ ,.• i»jji 

ing the heanng by strengtheomg the source of sound, and also 

by enabling the hearer to give his attention for a longer period undisturbed. 

„ ^ ., In constructing a room for public speaking, the ceiling 

How should a ,j.^j. jo/^xoe/'x-u-Tx 

room for pub. ought not to exceed 30 to 35 feet m height 

Uc speaking be rphe reason of this may be explained as follows: — ^If we 

eoastrnetedr , ■,% ■, \ m > 

advance toward a wall on a calm day, producmg at each step 
2^^** ?tiSf some sound, we will find a point at which the echo ceases 

to be distinguishable from the original sound. The distance 
from the wall, or the corresponding interval of time, has been called the limit 
of perceptibility. This limit is about 30 to 35 feet; and if the ceihug of a 
building for speaking be arranged at this limit, the sound of the voice and the 
echo wiU blend together, and thus strengthen the voice of the speaker. 

If the ceiling be constructed higher than this limit of perceptibility, or 
higher ttian 30 or 35 feet, the direct sound and the echo will be heard sepa- 
rately, and will produce indistinctness. 

How may Echoes from walls and ceilings may, to a certain extent, 
whoes in a- be avoided by covering their sur&ces with thick drapery, 
5SE^*"SrteS ^^^^ absorbs sound, and does not reflect it. 
lie avoided? If the room is not very large, a curtain behind the speaker 

impedes rather than assists his voice. 
by**the°key- ^^^^ ^^ every apartment, owing to the peculiar arrange- 
Bote of an ment of the reflecting surfaces, some notes or tones can be 
Apa men heard with greater distinctness than others; or, in other 

words, every apartment is fitted to reproduce a 'certain note, called the key- 
note, better than any other. If a speaker, therefore, will adapt the tones of 
his voice to coincide with this key-note, which may readily be determined 
by a little practice, he will be enabled to speak with greater ease and distinct- 
aess than under any other circumstances. 

In a large room nearly square, the best place to speak firom is near one cor- 
ner, with the voice directed diagonally to the opposite comer. In most cases, 
the lowest pitch of voice that will reach across the room will be the most 
audible. In all rooms of ordinary fbma, it is better to speak along the length 
of a room than across it It is better, generally, to speak fix>m pretty near a 
wall or pillar, than far away fix>m it 

SECTION III. 

OBGAKS OF HEARING AND OF THE VOICE. 

^^^ 43 T. The Ear consists, in the first instance, of a ftinnel* 

Gonstractionof shaped mouth, placed upon the external surface of the head. 
thAhiuDsnear. jj^ ^g^y animaig this is movable, so that they can direct it 
to the place firom whence the sound comes. It is represented at a, Fig. 194. 

9* 
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Fia. 194. 




Proceeding inward from this external por- 
tion of the ear, is a tube, something more than 
an inch long, terminatiug in an oval-shaped 
opening, 6, across which is stretched an elas- 
tic membrane, like the parchment on the head 
of a drum. This oyal-8hiq>ed opening has re- 
ceived the name of the tympanum, or drum of 
the ear, and the membrane stretched* across it 
is called the " membrane of the tympanum, or 
drum of the ear." 

The sound concentrated at the bottom of the ear-tube fidls Upon the mem- 
brane of the drum, and causes it to yibrata That its motion may be free, 
the air contained within and behind the drum has free communication with 
the external air by an open passage, / dalled the eustachian tubCj leading to 
the back of the mouth. A degree of deafness ensues when this tube is ob- 
structed, as in a cold; and a crack, or sudden noise, with immediate return 
of natural hearing, is generally experienced when, in the efifort of sneezing or 
otherwise, the obstruction is removed. 

The vibrations of the membrane of the drum are conveyed further inward, 
through the cavity of the drum, by a chain of four bones (not represented in 
the figure on account of their minuteness), reaching from the center of the 
membrane to the commencement of an inner compartment which contains the 
nerves of hearing. This compartment, fix>m its curious and most intricate 
structure is called the Labyrinth, Fig. 194, c e d. 

The Labyrinth is the true ear, all the 
other portions being merely accessories by 
which the sonorous undulations are propa- 
gated to the nerves of hearing contained 
in the labyrinth, which is excavated in the 
hardest mass of bone found in the whole 
> body. Fig. 195 represents the labyrinth 
I on an enlarged scale, and partially open. 

The labyrinth is filled with a liquid sub- 
■tance, through which the nerves of hearing 
are distributed! When the membrane of 
the drum of the ear is made to vibrate by the undulations of sound striking 
against it, the vibrations are communicated to the little chain of bones^ 
which, m turn, striking against a membrane which covers the external 
opening of the labyrinth, compresses the liquid contained in it This ac- 
tion, by the law of fiuid pressure, is communicated to the whole interior of 
the labyrinth, and consequently to all portions of the auditory nerve dis- 
tributed throughout it: the nerve thus acted upon conveys an impression to 
the brain. 

The several parts of the labyrinth consist of what is called the vestibule, 
e. Fig. 194, three semicircular canals, c, imbedded in the hard bone, and a 
winding cavity, called the cochlea^ d^ like that of a snail-shell, in which fibres, 




ORGANS OF HEARINa AND OF THE VOICE. 203 

stretched across like harp-strings, constitute the lyra. The separate uses of 
these various parts are not yet folly known. The membrane of the tym- 
panum may be pierced, and the chain of bones may be broken, without en« 
tire loss of hearing. 

438. In the hearing apparatus of the lower orders of 
cSfffittes ^5 aiiimaJs, all the parts belonging to the human ear do not 
the hearing ap. exist. In fishes, the ear consists only of the labyrinth; and 
!ow«ruiim^f ^ lower animals the ear is simply a little membranous 
cavity filled with fluid in which the fibres of the nerves of 
hearing float 

439. All persons can not hear sounds alike. 
mns *" £S III different individuals the sensibility of the 
sound alike? auditorj nerves varies greatly. 
What is the ^^' ^^^ wholo range of human hearing, 
range of hii- from the lowest uote of the organ to the high- 

man heaiing 7 _ tj c? 

est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 

What are the ^^^' ^^ *^® humau systcm, the parts con- 
organs of cerned in the production of speech and music, 

are three : the wind-pipe, the larynx, and 
the glottis. 

What to «he 442. The Wind-pipe is a tube extending 
wind-pipef ^^^ ^^^ extremity of the throat to the other, 
which terminates in the lungs, through which the air 
passes to 'and from these organs of respiration. 
What is the 443. The Larynx, which is essentially the 
^""^y^^ organ of speech, is an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 

How ia voice 444. In Order to produce sound, the air ex- 
prodnced? pixed from the lungs passes through the wind- 
pipe and out at the larynx, through the opening between 
the membranes, the glottis : the vibration of the edges of 
these membranes, caused by the passage of air, produces 
sound. 
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„ ^^ By the action of muscles we can vary the tension of these 

How can the 

tones of the membranes, and make the opening between them large or 

dered enreor ™"^ ^^^ ^^^ render the tones of the voice grave or acute.* 

acate? * 445. The loudness of the voice depends 

d^°thJ'Sod- ii^*^i°ly iipoii the force with which the air is 
jewofthevoioe expcllcd from the lungs. 

The force which a healthy chest can exert in blowing is 
about one pound per inch of its sur&ce ; that is to say, the chest can con- 
d.'nse its contained air with that force, and can blow through a tube the 
mouth of which is ten feet under the sur&ce of water. 

whatisthevo. 446. In coughing, the top of the windpipe, 
Sighi^? ^^ ^^ *^® glottis, is closed for an instant, during 
which the chest is compressing and condensing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

_ - 447. Sound, to some extent, appears to always accompany 

generally ac- the liberation of compressed air. An example of this is seen 
ejmpany the j^ ^.Jjq report which a pop-gun makes when a paper-bullet 
compressed air? is discharged from it The air confined between the paper 
bullet and the discbarging-rod is suddenly liberated, and 
strikes against the surrounding air, thus causing a report in the same man- 
ner as when two solids come into collision. In like manner an inflated Diad- 
der, when burst open with force, produces a sound like the report of a pistoL 

», 1. . , .^ 448. The sound of falling water appears in a great measure 

To what is the , • . ^i /. .. •, , .. n, f, , «^ 

sound of falling to be owmg to the formation and bursting of bubbles. When 

water due? ^Jjq distance which water falls is so Ihnited that the end of 

* The power which the will possesses of determining with the most perfect precision 
the exact degree of tension which these membraoes of the glottis, or vocal chords shall 
receiye, is extremely remarkable. Their average length in man is estimated at TS-lOOths 
of an inch in a state of repose, while in the state of greatest tension it Is about 93-100th8 
of an inch.^ The average length of the membranes in the female is somewhat less. Each 
interval, or variation of tone which the human voice is capable of producing Is occasioned 
by a different degree of tension of these membranes ; and as the least estimated number 
of variations belonging to the voice is 240, there must be 240 different states of tension 
of the vocal chords, or membranes, every one of which can be at once determined by the 
iriU. Their whole variation in length in man being not more than one fifth of an inch, 
the variation required to pass from one interval of tone to another will not be more than 
l-1200th of an inch. 

It is on account of the greater length of the vocal chords, or membranes of the glottis, 
that the pitch of the voice is much lower in man than in woman : but the difference does 
not arise until the end of the period of childhood, the size of the larynx in both sexes being 
about Uie same up to the age of 14 or 15 years, but then changing rapidly in the male 
sex, and remaining nearly stationary in the female. Hence it is that boys, as well as 
girls and women, sing treble ; while men sing tenor, which is about an octave lower than 
treble, or baas which is lower stilL — Dr. Carpenter. 
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the stream does not become broken into bubbles and drops, neither sound or 
air-bubbles will be produced ; but as soon as the distance becomes increased 
to a sufficient extent to break the end of the column into drops, both air-bub- 
bles and sounds will be produced. 

whatisBnees- ^^' Sneezing is a phenomenon resembling 
^^ cough ; only the chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the mouth, as in coughing. 

What is laugh- 450. Laughing consists of quickly-repeated 
*°^' expulsions of air from the chest, the glottis 

being at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
complete closure of the glottis. 

wiiat is crying? 451. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generally excite sonorous vibrations by the fluttering of their wings, 
or other membraneous parts of their structure. 

PRACTICAL QUESTIONS IN ACOUSTICS. 

1. The flash of a cannon was seen, and ten seconds aftenrard ^e report iras heard: 
how far off was the cannon ? 

2. At what distance was a flash of lightning, when the flash was seen seren seconds 
l»efore the thunder was heard Y 

3. How long after a sndden shont will an echo be returned from a high wall 1,120 feet 
distant? 

4. A stone being dropped into the month of a mine, was heard to strike the bottom 
in two seconds ; how deep was the mine? 

5. A certain musical string vibrates 100 times in a second : how many times must it 
Tibrate ia a second to produce the octaye ? 



CHAPTER XII. 

HEAT. 

452. Heat is a physical agent, known only 
by its effects upon matter. In ordinary lan- 
guage we use the term heat to express the sensation of 
Warmth. 
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whattaojoricf ^^' ^"-^^^ ^ *^® general name given to 
the physical agent which produces the sensa- 
tion of warmth, and the various effects of heat observed 
in matter. 
Hoir' ii h«at 454. The quantity of heat observed in dif- 

"~~"*' ferent substances is measured, and its effects 
on matter estimated, only by the change in bulk, or ap- 
pearauce, which different bodies aasume, according as heat 
is added or subtracted. 
What is tern- 455. The degree of heat by which a body 

peratare? jg affgctcd, or thc scnsible heat a body con- 
tains, is called its Temperature. 
, ,. 456. Cold is a relative term expressing only 

What is cold? /. i • i "^ . ° , 

the absence of heat m a degree ; not its total 
absence, for heat exists always in all bodies. 
What distin- 457. Heat possesses a distinguishing char- 
fcteriX^'dSJi acteristic of passing through and existing in 
heatpoi»eB8? ^ kiuds of matter at all times. So far as we 
know, heat is everywhere present, and every body that 
exists contains it without known limits. 

Ice contains heat in large quantities. Sir Humphrej Davy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

In trhat man- 458. The teudeucy of heat is to diffuse, or 
diffuM^ or^* spread itself among all neighboring substances, 
spread itself? -QxxiW all have acquired the same, or a uniform 
temperature. 

A piece of iron thrust into burning coals becomes hot among them, because 
the heat passes from the coals into the iron, until the metal has acquired an 
equal temperature. 

When do we 459. When the hand touches a body having 
cauahodyhotf ^ lugher tempcrature than itself, we call it 
hot, because on account of the law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 

460. When we touch a body having a temperature 



HSAT. 207 

When do we lowcr than that of the hand, heat, in accord- 
oauabodycoid? ^^^q ,^j|.Jj ^.j-^g Same law, pctsses out from the 

hand to the body touched, and occasions the sensation 
which we call cold.* 

461. Sensations of heat and cold are, therefore, merely 
degrees of temperature, contrasted by name in reference 
to the peculiar temperature of the individual speaking of 
them. 

_ . . A body may feel hot and cold to the* satne person at the 

eireamstances same time, since the sensation of heat is produced by a body 

hS^Mdaldlto ^^^^^ *^^ *^® ^^^^ provided it be less cold than the body 

the same per- touched inmiediately before ; and the sensation of cold is 



ronat the same produced imdor the opposite circumstances, of touching a 
comparatively warm body, but which is less warm than some 
other body touched previously. Thus, if a person transfer one hand to com- 
mon spring water immediately after touching ice, to that hand the water 
would feel very warm ; while the other hand transferred from warm water 
to the spring water, would feel a sensation of cold. 

Has heat ^62. Heat is imponderable, or does not pos- 

▼eight? gggg j^jjy pcrccptible weight. 

If we balance a quantity of ice in a delicate scale, and then leave it to 
melt, the equilibrium will not be in the slightest degree disturbed. If we 
substitute for the ice boiling water or red-hot iron, and leave this to cool, 
there will be no difference in the result Count Rumford, having suspended 
a bottle containing water, and another containing alcohol to the arms of a 
balance and adjusted them so as to be exactly in equilibrium found that the 
balance remained undisturbed when the water was completely frozen, though 
the heat the water had lost must have been more than sufficient to have made 
an equal weight of gold red hot 

What do we 463. The nature, or cause of heat is not 
SSrerfhJ^t*f clearly understood. Two explanations, or 
theories have been proposed to account for the 
Various phenomena of heat, which are known as the me- 
chanical and vibratory theories. 

E^iaintheme- 464. The mechauical theory supposes heat 
duuddtheonr. to be an extremely subtile fluid, or etherial 

* There ean not he a more faHaciotui means of estimating heat than hy the touch. Thus, 
in the ordinary B^^ta of an apartment, at any season of the year, the ol^eets which are in 
it hare all the same temperature ; and ^et to the touch they will feel warm and cold in 
dilTerent degrees. The metallic olijects will be the coldest ; stone and marble len so ; 
wood BtHl less; and carpeting and woolen objects will feel warm. Now all these ottJects 
4ie at exactly the same temperature, as aseertained by the thermometer. 
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kind of matter pervading all space, and entering into 
combination in various proportions and quantities, with 
all bodies, and producing by this combination all the va- 
rious e£fects noticed. 

Expwnthevi- 465. The vibratory theory, on the contrary, 
bratory theory, gupposcs hcat to be merely the eflfect of a spe- 
cies of motion, like a vibration or undulation, produced 
either in the constituent particles of bodies, or in a subtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the other 
end soon becomes hot also. According to the mechanical theory, a subtile 
fluid coming out of the fire enters into the iron, and passes from particle to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also, and occasions the sensation of warmth. Ac- 
cording to the yibratoiy theory, the heat of the fire communicates to the par- 
ticles of the iron themselves, or to a subtile fluid pervading them, certain vi- 
bratory motions, which motions are graduaUy transmitted in every direction, 
and produce the sensation of heat, in the same way that the undulations or 
vibrations of air, produce the sensation of sound. 

_ ^, There seems to be but little doubt at the present time among 

two theories scientific men, that the theory which ascribes the phenome- 
aixSd/ "' na of heat to a series of vibrations, or undulations, either in 
matter, or a fluid pervading it, is substantially correct At 
the same time it is not wholly satisfactory, and neither theory will perfectly 
explain ail the facts in relation to heat with which we are acquainted. 
For the purpose of describing and explaining the phenomena and effects of 
heat, it is convenient, in many cases, to retain the idea that heat is a substance. 
The &ct that nature nowhere presents us, neither has art 
denoesinfavor ^^®^ succeeded in showing us, heat alo^e in a separate state^ 
of the respect- is a strong ground for believing that heat has no separate 
hit ? " material existence. Heat, moreover, can be produced without 
limit by friction, and intense heat is also produced by the ex- 
plosion of gunpowder. On the contrary, as arguments in &vor of the material 
existence of heat, we have the fact, that heat can be communicated verf 
readily through a vacuum ; that it becomes instantly sensible on the condens- 
ation of any material mass, as if it were squeezed out of it : as when, on re- 
ducing the bulk of a piece of metal by hammering, we render it very hot (the 
greatest amount of heat being emitted with the blows that most change its 
bulk) ; and, finally, that the Taws of the spreading of heat do not resemble 
those of the spreading of sound, or of any other motion known to us. 

466. The relation between heat and light is a very intimate 
is^there**l»l ^ne. Heat exists without light, but all the ordinary sources 
tween heat and of light are also sources of heat; and by whatever artificial 
^ means natural light is condensed, so as to increase its spleiK 
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dor, the heat which it produces is also, at the same time, rendered more 
intensa 

467. When a body, naturally incapable of 
bodyincandes- emitting light, is heated to a sufficient extent 
to become luminous, it is said to be incandes- 
cent, or ignited. 

whaii8ii»ma 468. Flame is ignited gas issuing from 
A aadfiref ^ buming body. Fire is the appearance of 
}i3at and light in conjunction, produced by the combus- 
tion of inflammable substances. 

The aodent phUoeophers used the term fire as a characteristic of the nature 
of heat, and regarded it as one of the four elements of nature; air, earth, and 
water being the other three. 

Heat and the attraction of cohesion act constantly in opposition to each 
other; henoe, the more a bodj is heated, the less will be the attractive force 
between the particles of which it is composed. 

SECTION I. 

SOUBOBS or HBAT. 

j^^e the 4g9^ gix great sources of heat are recognized. 
■oMtjeaofiiMtf They are — 1. The sun ; 2. The interior of the 
earth ; 8. Electricity ; 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

What i> the 470. The greatest natural source of heat is 
Sr»?reS*^f the &un, as it is also the greatest natural source 
^*' of light. 

Although the quantity of heat sent forth from the sun is immense, its rays^ 
fidling naturaUj, are never hot enough, even in the torrid zone, to kindle 
_- combustible substances. By means, however, of a 

burning-glass, the heat of tiie sun's rajs can be con- 
centrated, or bent toward one point, called a focus^ 
in sufficient quantity to set fire to substances sub* 
mitted to their action. 

Fig. 196 represents the manner in which a burning- 
glass concentrates or bends down the rays of heat 
until they meet in a focus. 
Two opinions, er theories, have been entertained in order to account for the 
production of heat and light by the sun ; one supposes that the sun is an 
intensely-heated mass, which throws off its light and heat like an intensely- 
heated mass of iron : the other, based on the ground that heat is occamoned 
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by the TibrationB of an ethereal fluid occupying all space, rapposes that the 
Bun may produce the phenomena of light and heat without waste of its tern* 
perature or substance, as a bell may. constantly produce the phenomena of 
sound. 

Whatever may be the true theory, a series of experiments, made some years 
since by Arago, the eminent French astronomer, seem to prove that the tem- 
perature at the surface of the sun is much more elevated than any artificial 
heat we are able to produce. The experimental reasons which lead to this 
opinion are as follows ::— 

There are two states in which light is capable of existing — ^the ordinaf 
state, and the state of polarization.* It has been proved that all bodies, in h 
solid or liquid state, which are rendered incandescent by heat, emit a polaii* 
ized light, while bodies that are gaseous, when rendered incandescent, inva- 
riably emit light in its ordinary state. Thus the physical condition of a body 
may be distinguished when it is incandescent by examining the light whidi 
it afibrds. On applying the test to the direct light of the sun, it was found to 
be in the unpolarized or ordinary condition of hght. Hence it has been in- 
ferred by Arago that the matter from which this light prooeeds must be in 
the gaseous state, or, in other words, in a stat« of flame. From other experi- 
ments and observations, Arago was led to the conclusion that the sun was a 
Bohd, opaque, non-luminous body, invested with an ocean of flame. 

,^ , ,^ , 471. Owing to the position of the earth's 

Why is the rd- . _ _ ®, «, . i /. 

^ire heat of axis, the relative amount of heat received from 
greater in some the sun is alwajs greater in some portions of 
earth than at the earth than at others, since the rays of the 
*" sun always fall more directly upon the central 

portions of the earth than they do at the poles, or extremi- 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Why is the ^^^* '^^ ^^^ ^^ ^® °^^ ^ greatest at noon, because for 
heat of the snn the day the sun has reached the highest point m the heavens, 
^atest at ^^^^ j^g ^^^ f^ j^^^ perpendicularly than at any other 
time. 

What oocarions Por a like reason we experience the extremes of tempera- 
the diflferetioe . ,._^ .^, ^ ,.. ^ ^.. 

in temperature ture, distinguished as summer and winter. In sunmier the 

J°^™er and pogition of the sun in relation to the earth is such, that al- 
though more remote firom the earth than m winter, its rays 
fall more perpendicularly than at any other season, and impart the greatest 
amount of heat ; while in winter the position of the sun is such that its rays 
fall more obliquely than at any other time, and impart the smallest amount of 
heat The sun, moreover, is longer above the horizon in summer than in 
winter, which also produces a corresponding effect 
The reason why a difference in the inclination of the sun*s rays &lling upon 
* For explanation of the term polarizatioii, eee ehapter on Light 
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the sur&oe of the earth occasions a difference in their heating effect ia, that 
the more the rays are inclined, the more they are diffused, or, in other words, 
the lai^er the i^mce they cover. This may be rendered apparent by reference 
to Fig. 197. 

jtjQ igtj^ Let us suppose A B D to represent 

a portion of the sun's rays, and C D a 
portion of the earth's surface upon which 
the rays fall perpendicularly, and E 
portions of the sur&oe upon which they 
fall obliquely. The same number of* 
^ rays will strike upon the sur&ces C D 
and E, but the sur&oe G £ being 
greater than C D, the rays will necessarily fall more densely upon the latter; 
and as the heating power must be in proportion to the density of the rays, it 
is obvious that G D will be heated more than G S, in just the same propor- 
tion as the Bur&ce G E is more extended. But if we would compare two 
sur&ces upon neither of which the sun's rays fall perpendicularly, lat us take 
C E and G F. They fall on G E with more obliquity than on G F; but C E 
is eyidently greater than G F, an^ therefore the rays being diffused oyer a 
larger sur&ce are less dense, and therefore less effective in heating. 
What ii the 473. The greatest natural temperature ever 
SteSJiemtare atithentically recorded was at Bagdad, in 1819, 
erer observed? whcu the thermometer (Fahrenheit's) rose to 
120° in the shade. On the west coast of Africa the ther- 
mometer has been observed as high as 108° F. in the 
shade. Burckhardt in Egypt, and Humboldt in South 
America, observed it at 117° F. in the shade. 

474. About 70° below the zero of Fahrenheit's 
lowest tempe- thermometer is the lowest atmospheric temper- 

ratureobeenred? . • j t_ xi_ a j.* • j. 

ature ever expenenced by the Arctic navigators. 
Towhatextcnt 475. The greatest artificial cold ever pro- 
S^d bSf]^ duced was 220° F. below zero. 

<ac8d 7 This temperature was obtained Bome years since bj M. 

Natterer, a German chemist. Professor Faraday also produced a cold, 
equal to 166^ If, below zero. At neither of these temperatores were pure 
alcohol or ether frozen. 

The temperature of the space above the earth^s atmosphere has been estU 
mated at 58® below zero, Fahrenheit's thermometer. 

To irimt depth ^76. Thc depth to which the influence of 
£e8*\he^^ *^® ^^^^ ^^ *^® ^^^ extends into the earth va- 
ofttie son ex- ngg fi^m 50 to 100 fcct ; ucver, however, ex- 
ceeding the latter distance. 
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How do we Independently of the san, however, the earth is a somoe of 
know that the heat The proof of this is to be found in the &ct» that as we 
S^h^t ?* *°"^ descend into the earth, and pass beyond the Umits of the mflu- 
ence of the solar heat, the temperature constantly rises. 

At what rate 477. The iiicrease of temperature observed as 
p^tureof £J we descend into the earth, is about one degree 
earthincieaser ^f^]^Q thermomcterfor e Very fifty feet ofdescent 

Supposing the temperature to increase according to this ratio, at the depth 
cf two miles water would be oonyerted into steam ; at four miles, tin would 
be melted ; at five miles, lead ; ana at thirty miles, almost eyery earthy sub- 
stance would be reduced to a fluid stata 

The internal heat of the earth does not i^fipear to have any sensible effect 
upon the temperature at the sur&oe, being estimated at less than l-30th of 
a degree. The reason why such an amount of heat as is supposed to exist in 
the interior of the earth does not more sensibly affect the surface is because 
the materials of which the exterior strata or crust of the earth is composed, 
do not conduct it to the sur&ce from the interior. 

Under what .478. When electricity passes from on© sub- 
2 dSSJStyt stance to another, the medium which serves to 
source of heatr couduct it IS vcry frequently hcatcd ; but in 
what manner the heat is produced we have no positive in- 
formation. 

The greatest known heat with which we are acquainted, is thus produced 
by the agency of the electric or galranic current All known substances can 
be melted or volatilized by it 

Heat so developed has not been employed for practical or economical pur- 
poses to any great extent ; but for philosophical experiments and investiga^ 
tions it has been made quite usefhL 

How is chem- 479. Many bodies, when their original con* 
ISie^fSat* stitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 

In such cases, the heat is said to be due to chemical ac* 
tion. 

What is chem- ^80. Wc apply the term chemical action to 
ieaiaetioiir thosc Operations, whatever they may be, by 
which the form, solidity, color, taste, smell, and action of 
substances become changed ; so that new bodies, with 
quite different properties, are formed from the old. 

A fiuniliar illustration of the manner in which heat is evolved by chemical 
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action Ui to be found in the experiment of pouring cold water upon quick- 
lime. The water and the lime combme together, and in so doing liberate a 
great amount of heat, sufficient to set fire to combustible substances. 

How^ is heat 481. Heat is always evolved when a fluid is 
S^*of?ora transformed into a solid, and is always ab- 
ia matter t sorbed wbctt a solid is made to assume a fluid 
condition. As water is changed from its liquid form when 
it is taken up by quicklime, therefore heat is given off. 

The heat produced by the various forms of combustion, is the result of chen> 
ical action. 

In what two ^^^' Heat exists in two very different con- 
coQditioiisdoea ditious, as Free, or Sensible Heat, and as 

heateziBt? _ ^ __ ' ' 

Latent Heat.* 
whatteBenrf. -483. Whcu the heat retained or lost by a 
We heat? body is attended with a sense of increased or 

diminished warmth, it is called sensible heat.. 
What ia latent 484. WhcD the hcat retained or lost by a 
^***' body is not perceptible to our sense, it is called 

latent heat, 

_ . Every substance contains more or less of latent heat Al- 

How do wo •' ,..-./.. 

know heat to though our senses give us no direct information of its pres- 
SrwV°<in**not ®°^ ^® ™^y» ^^ * variety of experiments, prove that it ex- 
perceiTeit? ists. Thus, the temperature of ice is 32^ by tlie thermometer, 
but if ice be melted over a fire and converted into water, the 
water will be no hotter than the ice was before, although in the operation 
140 degrees of heat have been absorbed by the water. When, on the contrary, 
water passes into ice, a large amount of heat which was before latent in the 
water, passes out of it, and becomes sensible.f 

Urn ^^^' Another important source of heat is 

chanirai action mechanical action, heat being produced by 
friction and by the condensation, or compres- 
sion of matter. 

What are Ulna- Savs^ nations kindle a fire by the friction of two pieces 
tratlons of the of dry wood ; the axles of wheels revolving rapidly frequently 
KJt°by^°rio^ become ignited ; and In the boring and turning of metal t- 9 
tionf chisels ofi»n become intensely hot. In all these cases the 

fiiction of the sur&ces of wood or of metal in contact, dis- 
turbs the latent heat of these substances, and renders it sensible. 

The follo^ng interesting experiment was made by Count Rumford, to il- 

* LaterU^ from the Latin word lateo, to he hid. 

t The pheiMuoana of latent heat are farther considered under the head of liqnefactioa. 
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lostrate the effect of frictioii in prodacing heat :— A borer was made to re- 
Tolve in a cylinder of brass, partially bored, thirty-two times in a minute. 
The cylinder was inclosed in a box containing 18 pounds of water, the tem- 
perature of which was at first 60®, but rose in an hour to 107 o. and in 
two hours aud a half the water boiled. 

IsairneceBsary -Air does not appear to be neoessaiy to the production of 
for the produc- heat by the friction of solid bodies ; since heat is produced 

ftictlon^?^^ ^^ ^y fr^^***^"^ "^^^^ * vacuum. 

To whatever extent the operation may be carried, a body 
Djver ceases to give out heat by friction, and this fact is considered as a 
strong argument in &vor of the theory that heat is not a substance, but 
merely a property of matter. 

It was formerly supposed that solids alone could develop heat by friction, 
but recent experiments have proved, beyond a doubt, that heat is also gener- 
ated by the friction of fluida . 

The heat excited by friction is not m proportion to the #hardne88 or elasr 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece of cedar- wood produced more heat than when rubbed with another 
piece of metal ; and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter into a smaller compass by an exter- 
taStoiiY o?Sie ^^ ^^ mechanical force, is generally attended with an evolu- 
prodaction of tion of heat To such an act of compression we apply the 
deMatton?*^"' term condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tinder in a tube, and suddenly compressing the 
air contained in it by means of a piston. The air being thus condensed, parts 
with its latent heat in suflQcient quantity to set fire to the tinder at the bot- 
tom of the tube. Another familiar experiment of the evolution of heat by 
condensation, is the rendering of iron hot by striking it with a hammer. The 
particles of the iron being compressed by the hammer, can no longer contain 
so much heat in a latent state as they did before: some of it therefore be- 
comes sensible, and increases the temperature of the metal, and the striking 
may be continued to such an extent as to render the iron red-hot 

'Wlien a match is drawn over sand-paper or other rough substance, cer- 
tain phosphoric particles are rubbed off, and being compressed between the 
match and the paper, their heat is raised suflBciontly high to ignite them and 
fire the match. If the match be drawn over a smooth surface, the compres- 
jKon must be increased, for the temperature of the whole phosphoric mass must 
be raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck by a 
hammer, because the blow occasions a compression of the particles, by which 
a sufficient amount of latent heat is liberated to produce ignition. 

wTiatis meant 486. Most livin^ aiiimals possess the property 
hj vital beat? ^£ maintaining in their sypl em an equable tern- 
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peratuie, whether Burrounded by bodies that are hotter or 
colder than they are themselves. The cause of this is due 
to the action of vital heat, or the heat generated or ex- 
cited by the organs of a living structure. 

The following facts illustrate this principle : — ^The explorers of the Arctic 
regions, during the polar winter, while breathing air that froze mercury, still 
had in them the natural warmth of 98^ Fahrenheit above zero; and the 
i habitants of India, where the same thermometer sometimes stands at 
J 3^ in the shade, have their blood at no higher temperature. Again, 
tiie temperature of birds is not that of the atmosphere, nor of fishes that 
of the sea. 

487. The cause of animal heat is undoubt- 
cause of ruA cdly duc to chcmical action ; — the result of 
respiration and nervous excitation. 

Do Dlaate t)o«- Growing vegetables and plants also possess, in a degree, 
8688 this prop- the property of maintaining a constant temperature within 
•'*^' their structure. The sap of trees remains unfrozen when the 

temperature of the surrounding atmosphere is many degrees below the freez- 
ing point of water. 

This power of preserving a constant temperature in the animal structure is 
limited. Intense cold suddenly coming upon a man who has not sufficient 
protection, first causes a sensation of pain, and then brings on an almost irre- 
sistible sleepiness, which if indulged in proves fiital A great excess of heat 
also can not long be sustained by the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and pecidiar to itself, and from this diversity different races are fitted for dif- 
ferent portions of the earth^s surface. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes; the pine-tree and the Arctic bear, 
to those which are colder 

When animals and plants are removed from their peculiar and natural dis- 
tricts to one entirely different, they cease to exist, or change their character 
hi such a way as to adapt themselves to the climate. As illustrations of this, 
we find that the wool of the northern sheep changes in the tropics to a spe* 
.cies of hair. The dog of the torrid zone is nearly destitute of hair. Bees 
transported from the'north to the region of perpetual summer, cease to lay up 
stores of honey, and lose in a great measure their habits of industry. 

Man alone is capable of living in all cUmates, and of migrating fi^ly to all 
portions of the earth. 

Of all animals, birds have the highest temperature ; mammalia, or those 
which suckle their young-, come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperature. The common mud-wasp, in its chrysalis state, remams unfrozen 
during the most severe cold of a northern winter ; the fluids of the body in- 
stantly congeal, however, in a freezing temperature, the moment the case, 
or shell which incloses it, is crushed. 
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SECTION II. 

OOUMUNICATIOK OF HEAT. 

Sr^cSSmuS* ^^^- ^®^* ™*y ^ communicated in three 
catedf ways: by Conduction, by Convection, and 

by Radiation. 

489. Heat is communicated by conduction 
communicated whcu it travcls from particlc to particle of the 

^*^ " ° substance, as from the end of the iron bar 
placed in the fire to that part of the bar most remote 
from the fire. 

What iB con- 490. When heat is communicated by being 
▼ection? carried by the natural motion of a substance 
containing it to another substance or place, as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection, 
whatisradia- ^91. Hcat is commuuicated by radiation 

tionofheat? whcu it leaps, as it were, from a hot to a cold 
body through an appreciable interval of space ; as when a 
body is warmed by placing it before a fire removed to a 
little distance from it. 

How does a ^92. A hcatcd body cools itself, first by giv- 
^ivtaon^^ ing off heat from its surface, either by conduc- 
tion or radiation, or both conjointly ; and sec- 
ondly, by the heat in its interior passing from particle to 
particle by conduction, through its substance to the sur- 
face. A cold body, (Sn the contrary, becomes heated by a 
process directly the reverse of this. 

Do all bodies 493. Different bodies exhibit a very great 
S^ulSy w^?* degree of difference in the facility with which 
they conduct heat : some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. 

What are con- 494. All bodics arc divided into two classes 
nSS^SnduJtow ^^ respect to their conduction of heat, viz., 
of heat? JQ^Q conductors and non-conductors. The for- 
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Fig. 198. 
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met are such as allow heat to pass freely through them ; 
the latter comprise those which do not give an easy pass- 
age to it. 

Dense solid bodies, like the metals, are the best con- 
ductors of heat ;* light, porous substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The different conducting power of various solid substances may be strifc- 
'mgly shown by taking a series of rods of equal length and thickness, coating 
one of their extremities with wax, and placing the other extremities equalfy. 
m a source of heat The wax will be found to entirely melt off from some 
of the rods before it has hardly softened upon others. 

What is the 495. Liquids are almost 
P^e?'^o7uq- absolute non-conductors of 
^^' heat. 

If a small quantity of alcohol be poured on the sur- 
fece of water and inflamed, it will continue to bum 
for some time. (See Fig. 198.) A thermometer, 
immersed at a small depth below the comfnon sur- 
face of the spirit and the water, will fail to show any 
increase in temperature. 

Another and more simple experiment proves the 
same fact ; as when a blacksmith immerses his red- 
hot iron in a tank of water, the water which sur- 
rounds the hx)n is made boiling hot, while the water 
not immediately in contact with it remains quite cold. 

Fig. 199. If a tube nearly filled with water is held 

over a spirit lamp, as in Fig. 199, in such a 
manner as to direct the flame agamst the 
upper layers of the water, the water will be 
observed to boil at the top, but remain cool 
below. If quicksilver, on the contrary, be 
so treated, its lower layers will speedily be- 
come heated. The particles of mercury will communicate the heat to each 
Tther, but the particles of water will not do so. 

Why does n ^ stone, or marble hearth in an apartment, feels colder to 
wtone, or mar- the feet than a woolen carpet, or hearth-rug, not because the 
JJld^U^^ ^^^ ^^ ^^^^ *^^^ *^® ^*^®^» ^<^r ^oth are really of the same 
carpet? temperature, but because the Qtone and marble are good 

• The folloviiifir tahle exhibits the relative conducting power of different sahstances, 
the ratio expressing the conducting power of gold being taken at 100 ; 





(Jold . . 


. 100-00 


Tin . 


. 30-38 


Platinam , 


. 98-10 


Lead . . . 


. lT-96 


Silrer . 


. 97-30 


Marble . 


. 2-34 


Copper . 


. 80-82 


Porcelain . 


. 1-22 


Iron 


. ,H7-4l 


Brick earth . 


. lis 


Zinc 


. . 36-3T 







10 



218 WELLS'S NATURAL PHILOSOPHY. 

conductors, and the woolen carpet and hearth-rug very bad conductors. 
The action of the two substances is as follows: — As soon as the hearth- 
stone has absorbed a portion of heat from the feet, it instantly disposes 
of it by conducting it away, and calls for a fresh supply ; and this ac- 
tion will continue until the stone and the foot have establi^ed an equili- 
brium of temperature between them. The carpet and the rug also absorb 
heat from the feet in like manner, but they conduct or convey it away so 
Bbwly, that its loss is hardly perceptible. 

Most varieties of wood are bad conductors of heat ; hence, though one end 
o: a stick is blazing, the other end may be quite cold. Cooking vessels, for 
this reason, are often furnished with wooden handles, which conduct the heat 
of the vessel too slowly to render its influx into our hands painful. For the 
same reason we use paper or woolen kettle-holders. 

To what extent ^96. Bodies in the gaseous, or aeriform con- 
bSdiS wn^Sct dition are more imperfect conductors of heat 
^^*^ than liquids. Common air, especially, is one 

of the worst conductors of heat with which we are ac- 
quainted. 

How is air 497. Air is, however, readily heated by con- 

heatedf vcction. Thus, whcu a portion of air by com- 
ing in contact with a heated body, has heat imparted to 
it, it expands, and becoming relatively lighter than th*r 
other portions around it, rises upward in a current, carry-^ 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called " convective cur- 
rents.*' 

In this way an*, which is a bad conductor, rapidly reduces the temperature 
of a heated substance. If the air which encases the heated substance were 
to remain perfectly motionless, it would soon become, by contact, of the same 
temperature as the body itself and the Withdrawal of heat would be checked: 
but as the external air is never perfectly at rest, fresh and colder portions 
^.continually replace and succeed those which have become in any degree 
heated, and thus the abstraction of heat goes on. 

For this reason a windy day always feels colder than a calm day of the 
same temperature, because in the former case the particles of air pass over 
us more rapidly, and every fresh particle takes some portion of heat. 

How may the 498. The couductiug power of all bodies is 
Sw^er^'onfodies diminished by pulverizing them, or dividing 
be diminished f thcm into fiuc filaments. 
Thus saw-dust, when not too much compressed, is one of the most peifect 
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non-conductors of heat. Wool, fur, hair and feathers, are also among the worst 
conductors of heat 

Woolens and furs are used for clothing in cold weather, not 
and wooiena because they impart any beat to the body, but because they 
used for cloth- ^^q ygjy -^g^ conductors of heat ; and therefore prevent the 
warmth of the body from being drawn off by the cold air. 
The heat generated in the animal system by vital action has constantly a 
tendency to escape, and be dissipated at the sur&ce of the body, and the rate 
ai which it is dissipated depends on the difference between the temperature 
o the surface of the body and the temperature of the surrounding medium. 
By interposing, however, a non-conducting substance between the sur&oe of 
the body and the external atmosphere, we prevent the loss of heat which 
would otherwise take place to a greater or less degree. 

The non-conducting properties of fibrous and porous sub- 
To what are gtances are due almost iQtogether to the air contained in their 
the non-con- ° 

ducting prop- intersticesf or between their fibers. These are so disposed as 
■iitotoncMdue? ^ receive and retain a large quantity of air without permitting 
it to circulate. 

The warmest clothing is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one which fits 
the body tightly. 

Blankets and warm woolen goods are always made with a nap or projec- 
tion of fibers upon the outside, in order to take advantage of this principle. 
The nap or fibers retain air among them, which, from its non-conducting 
properties, serves to increase the warmth of the material 

^^ , , ^ The finer the fibers of hair, or wool the more closely they 

What Influ- . ^t_ . , , .j.J, x. j ^.v • 

ence has the retam the au* enveloped withm them, and the more imperme* 

flnenew of the j^^j^q j^^y become to heat In accordance with this princi- 
fibers npon the '' i • i. • 

warmth of a pie, the external coverings of animals vary not only with the 
material? climate which the species inhabit, but also in the same indi- 

vidual they change with the season. In warm climates the furs are generally 
coarse and thin, while in cold countries they are fine, close, light, and of imi- 
form texture, almost perfect non-conductors of heat 

We have illustrations of this principle also in the vegetable kingdom. The 
bark of trees, instead of being compact and hard like the wood it envelops, 
is porous and formed of fibers, or layers, which, by including more or less of 
air between their surfaces, are rendered non-conductors, and prevent the 
escape of heat firom the body of the tree. 

An apartment is rendered much warmer for being furnished with double 
d x)rs and windows, because the air confined between the two surfaces op- 
poses both the escape of heat firom within, and the admission of cold firom 
without 

As a non-conducting substance prevents the escape of heat from within a 
body, so it is equally efficacious in preventing the access of heat from without 
In an atmosphere hotter than our bodies, the effect of clothing would be to 
keep the body oooL flannel is one of the warmest articles of dress, yet we 
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can not preserve ice more effectually in summer than by enveloping it in its 
folds. Firemen exposed to the intense heat of furnaces and steam-boilers, in- 
variably prot^t themselves with flannel garments. 

Cargoes of ice shipped to the tropics^ are generaUy packed for preservation 
in sawdust: a casing of sawdust is also one of the most effectual means of 
preventing the escape of heat fix)m the surfaces of steam-boilers and steam- 
pipe& Straw, from its fibrous character, is an excellent non-conductor o€ 
beat, and is for this reason extensively used by gardeners for incasing placla 
and trees which are exposed to the extreme cold of winter. 
_ Snow protects the soil in winter from the effects of cold in 

protect the the same way that fur and wool protect animals, and doth- 
coid? ^™ "^ ™*^ Snow is made up of an infinite number of little 
crystals, which retain among their interstices a large amount 
of air, and thus contribute to render it a non-conductor of heat A covering 
of snow also prevents the earth firom throwing off its heat by radiation. The 
temperature of the earth, therefore, when covered with snow, rarely descends 
much below the freezing-point, even when the air is fifteen or twenty de- 
grees colder.* Thus roots and fibers of trees and plants, are protected from a 
destructive cold. 

499. Clothinff is considered warm or cool ac- 

tinder what * _. . . ° , o -f i 

drcumstftoeei cordiDg ds it iDipcdes or facilitates the passage 
•idered wim of heat to OF froiD the surface of our bodies. 
The finer the cloth, the more slowly it con- 
ducts heat. Fine cloths, therefore, are warmer than 
coarse ones. 

Woolen substances are worse conductors of heat than cotton, cotton than 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton than a linen one. 

The sheets of a bed feel colder than the blankets, because they are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is the same. For the same reason, a 
linen handkerchief is cooler and more agreeable to the &ce than a cotton ona 

Cellars feel cool in summer, and warm in winter, because the external air 

• " Feir can realize the protecting value of the warm coverlet of snow. No eider-down 
in the cradle of an infant is tacked in more kindly than the sleeplng-dreBs of winter aboat 
the feeble flower-life of the Arctic regions. The first warm snows of August and Septem- 
ber, falling on a thickly-blended carpet of grasses, heaths and willows, enshrine the 
flowery growths which nestle around them in a non-conducting air-chamber; and as 
each sncoessire snow increases the thickness of the cover, we have, before the intense cold 
of winter sets in, a light cellular bed, covered by drift, six, eight, or ten feet deep, in 
which the plant retains its vitality. The frozen sub-soil does not encroach npon this nar- 
row cover of vegetation. I have found, in mid-winter, in the high latitude of 78", the 
mrfaoe so nearly moist as to be friable to the touch ; and on the ioe-floes commencing 
with a surface temperature of 30' below zero, I found, at two feet deep, a temperature of 
8* below zero, at four feet 2" above zero, and at eight feet 26" above zero. My experi- 
ments prove that the eondueting power of snow is proportioned to Its oompr«Mion by 
winds, rains, drifts, and congelation.**— Da. Kans's Second Arctic Es^pedUion. 
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has not firee aooess into them ; in consequence of which they remain almost at 
an eyen temperature, which in summer is about 10 degrees colder, and in 
winter about 10 degrees warmer than the external air. 
_ . 500. Refrigerators, used for the preservation of animal and 

principle are vegetable substances in warm weather, are double- walled 
and^fre^proof ^^®s, with the spaces between the sides filled with powdered 
Mfes con- charcoal, or some other porous, non-conducting substance. 
Btructcd? rpjjQ go.caUed "fire-proof" safes are also constructed of 

double or treble walls of iron, with intervening spaces between them filled 
with gypsum, or " Plaster of Paris." This lining, which is a most perfect 
non-conductor, prevents the heat fVom passing from the exterior of the safe 
to the books and papers within. The idea of applying " Plaster of Paris" in 
this way for the construction of safes, originated, in the first instance, fix)m a 
workman attempting to heat water in a tin basin, the bottom and sides of 
which were thinly coated with this substance. The non-conducting proper- 
ties of the plaster were so great as to almost entirely intercept the passage of 
the heat, and the man, to his surprise, found that the water, although directly 
over the fire, did not get hot. 

501. It has been already stated that liquids and gases 
are non-conductors of heat, and can not well be heated, 
like a mass of metal, or any solid, by the communication 
of heat from particle to particle. 

Why can not This peculiarity is owing to the mobility 
g^ be hSf* which subsists among the particles of all fluids, 



manneJ^aTSS! ^^^ to thc chaugc iu the size of the particles, 
"■* which is invariably produced by a change in 

their temperature. 

The ooDstituent particles of solid bodies being ircapable of changing their 
relative position and arrangement, the heat can only pass through them, fix>m 
particle to particle, by a slow process ; but when the particles forming any 
stratum of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the oolder stratiun immediately ^' * 

above it, and ascends, allowing the superior strata to descend. 

Boir is water 502. Whcu the hcat enters at 
made hot? ^jj^ bottom of a vcsscl Containing 
water, a double set of currents is immediately 
established — one of hot particles rising to- 
ward the surface, and the other of colder par- 
ticles descendinii; to the bottom. The por- 
tion of liquid which receives heat from below 
k thus continually diffused through the other 
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parts, and the heat is communicated by the motion of the 
particles among each other. 

These currents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the upper one will begin to rise almost as soon as the lower one. The 
movement of the particles of water in boiling will be understood by reference 
to Fig. 200. They may be rendered visible by adding to a flask of boiling 
water a few small particles of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner as watei; 
and this method of communicating heat is termed convection. 

Heat, however, passes by conduction between the particles of both liquids 
and gases, but to such a slight extent, that they were lor a long time re- 
garded as entirely incapable of conducting heat 

In what man- 503. The proccss of cooling in a liquid is 
SJiidf "^"^'* directly the reverse of that of heating. The 
particles at the surface, by contact with the 
air, readily lose their heat, become heavier, and sink, while 
the warmer particles below in turn rise to the surface. 

To heat a liquid, therefore, the heat should be applied at the bottom of 
the mass ; to cool it, the cold should be applied at the top, or surface. 

The facility with which a liquid may be heated or cooled depends in a great 
degree on the mobility of its particles. Water may be made to retain its 
heat for a long time by adding to it a small quantity of starch, the particles 
of which, by their viscidity or tenacity, prevent the free circulation of the 
heated particles of water. For the same reason soup retains its heat longer 
than water, and all thick liquids, like oil, molasses, tar, eta, require a consd- 
erable time for cooling. 

E lain th ^^^* When the hand is placed near a hot body suspended 

phenomena of in the air, a sensation of warmth is perceived, even for a 
radiation . considerable distance. If the hand be held beneath the body, 

the sensation will be as great as upon the sides, although the heat has to 
shoot down through an opposing current of air approaching it This effect 
does not arise from the heat being conveyed by means of a hot current, since 
all the heated particles have a uniform tendency to rise ; neither can it de- 
pend upon the conducting power of the air, because aeriform substances pos- 
sess that power in a very low degree, while the sensation in the present caso 
is exdted almost on the instant This method of distributing heat^ to diii- 
tinguish it fix>m heat passing by conduction, or convection, is called radiation, 
and heat thus distributed is termed radiant, or radiated heat 

Do an bodies ^^' ^^^ bodics radiate heat in some meas- 

»^ wdn' ^^®' ^^* ^^^ ^^^ equally well ; radiation being 

in proportion to the roughness of the radiating 

surface. All dull and dark substances are, for the most 
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part, good radiators of heat ; but bright and polished sub- 
stances are generally bad radiators.* Color, however, 
alone, has no effect on the radiation of heat. 

If a metal surface be scratched, its radiating power is increased. A liquid 
contained in a bright, highly-polished metal pot, will retain its heat much 
longer than in a dull and blackened one. This is not due to the polish or 
brightness of the sur&oe, but to the fact that, by polishing, the sqr&ce is ren- 
dered dense and smooth, and such surfaces do not allow the heat to escape 
readily. If we cover the polished metal surface with a thin cotton or linen 
doth, so as to render the surface less dense, the radiation of heat, and conse- 
quent cooling, will proceed rapidly. 

Black lead is one of the best known radiators of heat, and on this account 
IS generally employed for the blackening of stoves and hot-air flues. As a 
high polish is unfavorable to radiation, stoves should not be too highly polished 
with this substance. 

Heat radiated from the sun is all radiant heat 

506. Heat is propagated throuerh. space by 

How ia heat .. . . -.if?. j ?. ^^ ./ 

proiMtgated by radiatiou lu Straight lines, and its intensity . 
varies according to the same law which governs 
the attraction of gravitation, that is, inversely as to the 
square of the distance.f 

Thus the heating effects of any hot body is nine times less at three feet than 
at (»ie; sixteen times less at four feet ; and twenty-five times less at five. 

The velocity with which radiant heat moves through space 
^*tyd^*Sl 18, m aU probability, the same as the velocity of light Some 
dlant heat authorities, however, consider it to .be only four fifths of that 
"*®^® of light, or about 164,000 miles in a second of time. 

Doearadiauon 507. The radiatiou of heat goes on at all 
Su^o^fromSii times, and from all surfaces, whether their 
'*°^*** temperature be the same or different from 

that of surrounding objects : therefore the temperature 
of a body falls when it radiates more heat than it absorbs; 
its temperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ab- 
sorption exceeds the radiation. 

* The action of a blackened surface of tin being aaromed as 100, it has been found that 
that of a steel plate was 15 ; of clean tin, 12 ; of tin scraped bright, 16 ; when scraped with 
the edge of a ilne flle in one direction. 26 ; when scraped again across, about 13 ; a sur- 
face of dean lead, 19 ; oorered with a gray crust, 45 ; a thin crust of isinglass, 80 ; rosin 
96; writing-paper, 96 ; ice, 8Si. 

t It is an ezceedingiy cnrions fact that this law applies to all physical inflnenees tiiat 
q>read from a center, such as grayitation, heat, light, electrical forces, magnetism and 
■onnd ; and to all central forces, when not weakened by any resistance or opposing forca 
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If ft body, at any temperature, be placed among other bodies, it will affect 
their condilioa of temperature, or as we express it, tkermally ; just as a candle 
brought into a room illuminates all bodies in its presence ; with this difiference, 
however, that if the candle be extinguished, no more light is diffused by it ; 
but no body can be thermally extinguished. All bodies, however low be 
their temperature, contain heat, and therefore radiate it. 

If a piece of ice be held before a thermometer, it will cause 
Sonometer* *^® mercury in its tube to fall, and hence it has been sup- 
rink when posed that the Ice emitted rays of cold. This suppodtion is 
b^oaght near erroneous. The ice and the thermometer both radiate heat> 

and each absorbs more or less of what the other radiates to- 
ward it But the ice, being at a lower temperature than the thermometer, 
radiates less than the thermometer, and therefore the thermometer absorbs 
less than the ice, and consequently fells. If the thermometer placed in the 
presence of the ice bad been at a lower temperature than the ice, it would, 
for like reasons, have risen. The ice in that case would* have warmed the 
thermometer. 

What do we ^^^' Radiations, or effects which are propagated in straight 
mean hy rays lines only (such as light and radiant heat), are most conve- 
^htf *** **' niently considered by dividing them into innumerable straight 

lines, or rays; not that there are any such divisions in nature, 
but they enable us more readily to comprehend the nature of the phenomena 
with which these principles are concerned. 

When radiant 510. When Tays of heat radiated from one 
?he V^L?^f body fall upon the surface of another body, they 
ma$M?t^bed2 maybe disposed of in three ways: 1. They 
posed of? jjjj^y rebound from its surface, or be reflected ; 

2. They may be received into its surface, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be transmitted. 

511. A ray of heat radiated from the Bur- 
ner is heatrel facc of a body proceeds in a straight line until 
it meets a reflecting surface, from which it 
rebounds in another straight line, the direction of which 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The manner in which heat is reflected is strikingly shown by taking two 
concave mirrors, M and N, Fig. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one mirror, as at A, is placed a heated body, as a mass 
of red hot iron, and in the focus of the other mirror,- as at B, a small quantity 
of gunpowder, or a piece of phosphorus. The rays of heat, radiated in divei^g- 
ing lines from the hot metal, strike upon the suiface of the munror M, and are 
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reflected by it in parallel lines to the sur&ce of the opposite mirror, N, where 
they will be caused to converge to its focus, B, and ignite the powder or 
phoiH>horu8 at that point 

Fig. 201. 




whataregood ^^^' Polished metallic surfaces constitute 
reflector, of the bcst reflectoFS of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to a greater or less degree.* 

Water requires a longer time to become hot in a bright tin vessel than in a 
dark colored one, because the heat is reflected torn the bright surface, and 
does not enter the vessel 

How doe> the 513. The power of absorbing heat varies 
SSbing^^'h^t with almost every form of matter. Surfaces 
''^^^ are good absorbers of heat in proportion as 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat fh>m the sun more abundantlj than light ones. 
Thi« may be proved by placing a piece of black and a piece of white cloth 
upon the snow exposed to the sun ; in a few hours the black cloth will have 
melted the snow beneath it, while the white cloth will have produced little 
or no efifect upon it 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat The order may be thus arranged : 1, black (warmest of all) ; 2, violet ; 
3, indigo; 4, blue; 5, green; 6, red; 7, yellow; and 8, white (coldest of all). 

* Of 100 rays falling at an angle of 00" from tha perpmidicular, polished gold will reflect 
76 «■ silver 62 ; braaa, 6? ; brass without polish, 53 ; polished brass yamished, 4t ; looking* 
^Utss, 20 ; glass plate blackened on the back, 1? ; and metal plate blackened, 6. 

10* 
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A piece of brown paper submitted to the action of a burning-glass, ignites 
much more quickly tlian a piece of white paper. The reason of this is, that 
the white paper reflects the rajrs of the sun, and though but slightly heated 
appears highly luminous ; while the brown paper, which absorbs the rays, 
readily becomes heated to ignition. For the same reason a kettle whose bot- 
tom and sides are covered with soot, heats water more readily than a kettle 
whose sides are bright and dean. 

Light-colored &brics are most suitable for dresses in summer, since they 
reflect the direct heat of the sun, and do not absorb it ; black outside gar- 
ments, on the contrary, are most suitable for winter, as they abswh heat 
readity, but do not reflect it 

Hoar-frost, in the spring and autumn, may be observed to r^mam longer 
in the presence of the morning sun, on light-colored substances than upon the 
dark-colored soil, eta ; the former do not absorb the heat, as the dark-colored 
bodies do, but reflect it, and in consequence of this they remain too cold to 
thaw the firost deposited upon then: surfaces. 

i th at- ^^^ ^^ absorbs heat very slowly, and does not readily 
mosphereheat- part with it. Air rarely radiates heat, and is not heated to 
^ ^ great extent by the direct rays of the sun. The sun, however, 

heats the surface of the earth, and the air resting upon it is heated by contact 
with it, and ascends, its place being supplied by colder portions, which in turn 
are heated also. 

This reluctance of air to part with its heat occasions some very curious dif- 
ferences between its burning temperature and that of other bodie& Metals, 
which are generally the best conductors, and therefore communicate heat 
most readily, can not be handled with impunity when raised to a temperature 
of more than 120° F. ; water becomes scalding hot at 150o F. ; but air ap- 
plied to the skin occasions no very painful sensation when its heat is &r be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the power of the 
human body to withstand the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 62° above the boiling point, and remained there some 
time without inconvenience. During the time, eggs, placed on a metal frame, 
were roasted hard, and a beefeteak was overdone. But though he could 
thus bear the contact of the heated air, he could not bear to touch any metal- 
lic substance, as a watch-chain, money, eta Workmen, also, enter ovens, 
in the manufacture of molds of plaster of Paris, in which the thermometer 
stands 100° above the temperature of boiling water, and sustain no mjuiy. 

In what man- ^^^' Heat, in passing through most sub- 
t^Msi'itted*** stances, or media, is retained, or intercepted 
ent robiuaM»f ^^ ^^^ passagc in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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516. The heat of the sun passes through transparent 
kMdies without loss ; but heat from terrestrial sources is 
in great part arrested by many substances which allow 
light to pass freely, — such as' water, alum, glass, etc. 

Thus, a plate of glass held between one's &oe and the sun wUl not proted 
hf but held between the &oe and a fire, it will intercept a large proportion of 
the heat 

517. Those substances which allow heat to pass freely 
•through them, are called diathermanousy and those which 

retain nearly all the heat they receive, are called ather- 
manoua. 

Bock-salt allows heat to pass through it more readily than any other known 
tubstance ; while a thin plate of alum, which is nearly transparent, almost 
entirely intercepts terrestrial heat Heat, indeed, will pass more readily 
through a black glass, so dark that the sun at noon is scarcely discernible 
through it) than through a thin plate of clear alum. Water is one of the least 
diathermanous substances, although its transparency is nearly perfect I^ 
therefore, it is desired to transmit light without heat, or with greatly dimin- 
ished heat, it is only necessary to let the rays pass through water, by which 
they will be strained of a great part of their heat 

How does the ^* ^*® heen found that the power of heat to penetrate a 
temperatareof dense, transparent substance,' is increased in proportion as the 
fn^it*i^rt tennperature of the body from which it is radiated is mcreased. 
its tnuismia- Heat, also, accompanied by light, is transmitted more readily 
"*"*' than heat without light 

lea ray of solar ^^^' ^^^ ^^^ ^^^^^ ^™® ^ "® conjouitly from the sun. 
heat simple or When a ray of light is caused to pass through a prism it is 
iteMJore ? *° analyised or separated into seven brilliant oobrs, or element- 
ary parts. If the heat ray which accompanies the light is 
treated in a similar manner, our organs of sight are so constituted that we 
Qo not discover any separation to have taken place m it It is, however, es- 
tablished beyond a doubt, that in the same manner as a ray of white lighi 
can be modified and divided, so a ray of radiant heat can be separated into 
parts possessing qualities corresponding to the various colors. 

SECTION III. 

THE EPPEOTS OP HEAT. 

What effect 519. The general and most obvious effect o.^ 
dSSe^^^'iSi ^®^* ^P^° material substances, is to expand 
**<>^^'' them, or increase their dimensions. 
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Is the form of 520. The form of all bodies appears to be 
TOD^^n^n entirely dependent on heat ; by its increase 
solids are converted into liquids, and liquids 
into vapor ; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceased to be influenced by beat, all liquidci^ vapors, and doubtless 
even gases, would become permanently solid, and all motion on the sur&ce of 
Ibe earth would be arrested. 

What are the ^21. The three most apparent effects of ^ 
piJSt°**3&StB heat, so far as relate to the form and dimen- 
ofheat? gjQjjg q£ bodies, are Expansion, Liquefaction, 

and Vaporization. 

Heat operates to produce expansion by introducing a repulsive force among 
the partides of the body it pervades. This repulsive force, in the case of 
solids, weakens or overcomes the attraction of cohesioo, and gives to the par- 
ticles of all matter a tendency to separate, or increase their diFtance from one 
another. Hence the general, mass of the body is made to occupy a larger 
space, or expand. 

inwhatbodiea' ^22. The expansiou occasioned by heat is 
dSStiSr^^S- greatest in those bodies which are the least in- 
6st ezpanaion? fluciiced by thc attraction of cohesion. Thus 
the expansion of solids is comparatively trifling, that 
of liquids much greater, and that of gases very consid- 
erable. 

Dobodieacon- 528. The cxpansiou of the same body will 
JJTnd M long continue to increase with the quantity of heat 
SemT ^^"^ *^^* enters it, so long as the form and chemi- 
cal constitution of the body is preserved. 
524. Among solids the metals expand the most ; but 
an iron wire increases only 1-282 in bulk when heated from 
32° of the thermometer up to 212. 

Solids appear to expand uniformly from the freezing point of water up to 
212° the boiling point of water; — ^tbat is to say, the increase of volume whidi 
Attends each degree of temperature which the body receives is equaL When 
solids are elevated, however, to temperatures above 212°,- they do not dilate 
uniformly, but expand in an increasing ratio. 

The expansion of solids by heat is clearly shown by the following experi- 
ment. Fig. 202 : m represents a ring of metal, through which, at the ordinary 
temperature, a small iron or copper ball, a, will pass freely, this ball being a 
little less than the diameter of the ring. If this ball be now heated by tiie 
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flftme of an alcohol lamp, it will become so Fia. 202. 

&r expanded by heat as no longer to pass 
through the ring. 

What appUca- "^^ expansion of solids 
tkms of the by heat is made applicable 
^SStjh^i for many useful purposes in 
are made in the arts. The tires of wheels, 
^ and hoops surrounding 

-water-vats, barrels, eta, are made in the 
first instance somewhat smaller than the 
frame- work they are intended to surround. 
They are then heated red hot and put on 
in an expanded condition ; on cooling, they 
contract and bind together the several parts with a greater force than could 
be conveniently applied by any mechanical means. In like manner, in con- 
structing steam-boilers, the rivets are festened while hot, in order that they 
may, by subsequent contraction, fasten the plates together more firmly. 

^ 525. The force with which bodies expand 

With what de- - ^ . - i . ,, at. 

gree of force and contract under the influence of the in- 
pand and con- crease or diminution of heat^ is apparently 
irresistible, and is recognized as one of the 
^atest forces in nature. 

The amount of force with which a solid body will expand or contract is 
equal to that which would be required to compress it through a space equal 
to its expansion, and to that which would be required to stretch it through a 
space equal to its contraction. Thus, if a pillar of metal one hundred inches 
in height, being raised m temperature, is augmented in height by a quarter 
of an inch, the force with which such increase of height is produced is equal 
to a weight which being placed upon tlie top of the pillar would compress it 
so as to diminish its height by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in length, be 
contracted by diminished temperature; so as to render its length a quarter of 
an inch less, the force with which this contraction takes place is equal to that 
which being applied to stretch it would cause its length to be increased by a 
quarter of an inch. 

This principle is sometimes practically applied when great mechanical fores 
is required to be exerted through small spaces. Thus walls of buildings 
which, fit)m a subsidence of the foundation, or an unequal pressure, have been 
thrown out of tiieir perpendicular position, and are in danger of faUing, may 
be restored in the following manner: A series of iron rods are carried across 
the building, passing through holes in the walls, and secured by nuts on the 
outside. The rods are then heated by lamps until they expand, thereby 
causing their ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up until they are in close 
contact with the outside wall, the lamps are then withdrawn and the rods 
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allowed to cool In cooling thej gradually contract, and by their oontnk)- 
tion draw up the walls. 

On account of the expansion of metal bj heat, the sucoessiye rails which 
compose a line of railway can not be placed end to end, but a small space is 
left between their extremities for expansion. 

A stove snaps and crackles when a fire is first kindled in it, and also when 
the fire in it is extinguished. This noise is occasioned by the expansion and 
contraction of the several parts consequent on the increase and diminution of 
heat 

A glass or earthen vessel is liable to break when hot water is poured 
into it, on account of the unequal expansion of the inner and outer sur&oes. 
Glass and earthen ware being poor conductors of heat, the inner sarSancea 
m contact with the hot water become heated and expand before the outer are 
affected; the tendency of this is to waip or bend the sides unequally, and as 
the brittle material can not bend, it breaks. 

Nails in old houses are often loose and easily drawn out ; the iron expands 
in summer and contracts in winter more than the wood into which it has 
been driven, and thus in time the opening is enlarged. 

When the stopper of a decanter or smelling-bottle sticks, a doth dipped in 
hot water, and applied to the neck of the bottle will frequently loosen it, since 
by the heat of the cloth its dimensions are expanded and enlarged. 

The tone of a piano is higher in a oold than in a warm room, for the reason 
that the strings, being contracted by cold, are drawn tighter. 

„ ^ , _, , 526. Liquids expand through the agency of 
do iiquidi ex- heat moro unequally, and to a much greater 
degree than solids. 

A column of water contained in a cylindrical glass 
vessel will expand ^ in length on being heated from 
the freezing to the boiling point, while a column of 
iron, with the same increase of temperature, will expand 
only 1^. 

A familiar illustration of the expansion of water by heat is seen in the ovei^ 
flow of full vessels beforo boiling commences. Different liquids expand very 
unequally with an equal increase in temperature. Spirits of wine, on bemg 
heated fh)m 32° to 212°, increase one ninth in bulk; oil expands about one 
twelfth ; water, as before stated, about one twenty-third. A person buying 
oil, molasses and spirits in winter, will obtain a greater weight of the same 
material in the same measure than in summer. Twenty gallons of alcohol 
bought in January, will, with the ordinary increase of temperature, become, 
by expansion, twenty-one gallons in July. 

What pccuu- 527. Water, as it decreases in temperature 
^MiSn'^'doei toward the freezing point, exhibits phenomena 
water exMMt? y^j^ich are wholly at variance with the general 
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law that bodies expand by heat and contract by cold^ or 
by a withdrawal of heat.* 

As the temperature of water is lowered, it continues to contract until it 
arrives at a temperature of 39° P., when all further contraction ceases. The 
vohime or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, mstead of contraction, expansion is produced, and 
this expansion continues at an increasing rate until the water is congealed. 
At the moment also of its conversion into ice, it undergoes a still further 
expansion. 

When Is water ^^^' ^^*'®^ attains its greatest density, or 
«fthegre*teBt "the gfcatest quantity is contained in a given 
bulk, at a temperature of 39° F. 

As the temperature of water continues to decrease below 39**, the pomt of 
its greatest density, its particles, from their expansion, necessarily occupy a 
larger space th^n those which possess a temperature somewhat more elevated. 
The coldest water, therefore, being lighter, rises and floats upon the surface 
of the warmer water. On the approach of winter this phenomenon actually 
takes i^ace in our lakes, ponds and rivers. When the sur&ce-water becomes 
sufficiently chilled to assume the form of ice, it becomes still lighter, and con- 
tinues to float By this arrangement, water and ice being almost perfect 
non-conductors of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chilled throughout 

If water constantly grew heavier as its temperature diminished (as is the 
case with most liquids), the colder particles at the sur&ce would constantly 
sink, until the whole body of water was reduced to the freezing point Again, 
if ice was not lighter than water, it would sink to the bottom, and by the 
continuance of this operation, a river or lake would soon become an immense 
solid mass of ice, which the heat of summer would be insuCQcient to dissolve. 
The temperate regions of the earth would thus be rendered uninhabitable. 
Among all the phenomena of the natural world, there is no more striking 
illustration of the wisdom of the Creator, and of the evidences of design, than 
in this wonderful exception to a great general law. 

Wh does "^^ expanaon of water at the moment of freezing is attrib- 

ter expand in uted to a new and peculiar arrangement of its particles. Ice 
freezing? |g^ jj^ reality, crystallized water, and during its formation the 

particles arrange themselves in ranks and lines which cross each other at 
angles of 60° and 120°, and consequently occupy more space than when 
liquid. This may be seen by examining the surface of water in a saucer white 



A beautiful illustration of this crystallization of water in freezing is seen in 
the frost-work upon windows in winter, caused by the congelation of the 
vapor of the room when it comes m contact with the cold surface of the glasa 

• A few other liqaidB besides water expand with a reduction of temperature. Fused 
iron, antimony, zinc, and bismuth, are examples of such expansion. Mercury is a re- . 
markable instanoe of tba reverse, for when it freesee, it tluOen a wry great contraction. 
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All these fix)st-work figures are limited by the laws of crystallization, and the 
lines which bound them, form among themselves no angles but those of 
30O, 60°, and 120o. If we ft-acture thin ice, by allowing a pole or weight to 
fall upon it, the fracture will have more or less of regularity, being generally 
m the form of a star, with six equi-distant radii, or angles of 60^. 

529. The force exerted by the expansion of water in the 
force doerwa- *^* of fireezing is very great As an illustration, the following 
t^ expand in experiment may be quoted: — Cast-iron bombwshells, thirteen 
inches in diameter and two inches thick, were filled with wa- 
ter, and their apertures or fuse-holes firmly plugged with iron bolts. Thus 
prepared, they were exposed to the severe cold of a Canadian winter, 
at a temperature of about 19** below zero. At the moment the water 
fit)ze, the iron plugs wore violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demonstrating the enor- 
mous Ulterior pressure to which they were Subjected by water assuming a 
solid state. 

The rounded and weather-worn appearance of rocks is mainly due to the 
expansion of freezing water, which penetrates into their fissures, and is ab- 
sorbed into their pores by capillary attraction. In freezing, it expands and 
detaches succesave fragments, so that the original sharp and abrupt outline is 
gradually rounded and softened down. 

The bursting of earthen water vessels, and of water pipes, by the fireezing 
of water contsdued in them, are familiar illustrations of the same principle. 

By allowing the water to run in a service-pipe, we prevent its freezing, be- 
cause the motion of the current prevents the crystals from forming and 
attaching tiiemselves to the sides of the pipe. 

At hat te . ^^^* "^^^ ordinary temperature at which water fi*eezes is 
peratare does 32°, Fahrenheit's thermometer. This rule applies only to 
water freeze? g^gj^ ^^ter ; salt water never freezes until the surface is cooled 
down to 27°, or five degrees lower than the freezing point of winter. 

Under some circumstances pure water may be cooled down to a tempera- 
ture much below 32° without freezing. Thus, if pure, recently-boiled water, 
be cooled very slowly and kept very tranquil, its temperature may be low- 
ered to 21° without the formation of ice ; but the least motion causes it to 
congeal suddenly, and its temperature rises to 32°. 

wh 1 th ^^^' "^® ^^ produced by the freezing of sea or salt water 

ice produced is generally frei^ and free from salt, since water in freezing^ 
insc of ^saltwaZ ^ sufficient freedom of motion be allowed to its particles, ex- 
ter free from pels all impurities and coloring matters. The ice formed in 
"^^' the congelation of a solution of indigo is colorless, since the 

water in which the mdigo was dissolved expels the blue coloring matter in 
freezing. 

Wh t is th Blocks of ice are generally filled with minute air-bubbles ; 

origin of the this is owing to the fact that the water in freezing expels the 

«een"itt iw?**' air contained in it, and many of the liberated bubbles become 

lodged and imbedded in the thickemng fluid. 



In what man- 
do 
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582. Gases and aerifonn substances expand 

^ia^byhStf l-490th of the bulk which they possess at 32'* 

for every degree of heat which they receive 

above that point, and contract in the same proportion for 

every degree of heat withdrawn from them. 

ThuS| 490 cubic inches of air at 32® would so expand as to occupy an inch 
more space at 33 <^, and by the addition of another degree of heat, raising its 
temperature to 34®, it would occupy an additional inch, and so on. In a like 
manner, by the withdrawal of heat, 490 cubic inches of air would occupy an 
inch less space at Sl^ than at 32® ; two inches less at 30^', and so on. The 
same law holds good for all other gases, and for vapors and steam. 

Illustrations of the expansion of air by heat are most familiar. If a bladder 
partially filled with confined aur be laid before the fire, the air contained in it 
may be expanded to a degree sufficient to burst the bladder. Chestnuts laid . 
upon a heated sur&oe, burst with a loud report on account of the expansion 
of the air witMn then: sheila The process of warming and ventilating build- 
ings depends entirely upon the application of this principle of the expansion 
and contraction of air by the increase and diminution of heat 

How may the 583. As tho magnitude of every body changes 
SSS^SSSn^f with the heat to which it is exposed, and as 
5S^^ to* SK tte same body, when subjected to calorific in- 
meMnrement fluenccs uudcr tho samc circumstauccs has al- 
ways the same magnitude, the expansions and 
contractions which are the constant effects of heat, may be 
taken as the measure of the cause which produced them. 
What are the 534. The iustrumcnts for measuring heat 
m^ari^t^t are Thermometers and Pyrometers. The for- 
<»"•** mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

Liquids are better adapted than either solids or gases for measuring the 
effects of heat by expansion and contraction ; since in solids the du-ect ex- 
panfflon by heat is so small as to be seen and recognized with difficulty, and 
in air or gases it is too extensive, and too liable to be affected by variations 
in the atmospheric pressure. From both of these disadvantages liquids &re 
free. 

The liquid generally used in the construction of thermometers is mercury, 
or quicksilver. 

Mercury possesses greater advantages for this purpose than 
^n^e^e^nj ^7 o*^er liquid. It is, in the first place, eminently dis- 
•d»ptodforthe tinguished for its fluidity at all ordinary temperatures; it 
thenaoaietenr w» in addition, the only body in a liquid state whose var 
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liatioDS in Tolome, or magnitade^ throa^ a oonaderable range of tempo- 
rature are exactly uniform and proportional with every increase and dim- 
inution of heat Mercury, moreover, boils at a higher temperature than 
any other liquid, except certain oils; and, on the other hand, it freezes at 
a lower temperature than all other liquids, except some of the most vola- 
tile, such as ether and alcohol Thus a mercurial thermometer will have a 
wider range than any other liquid thermometer. It is also attended with 
this convenience, that the extent of temperature included between melting 
ice and boiling water stands at a considerable distance from the limits of ita 
ranges or its freezing and boiling points. 

Describe the ^35. The mercurial thermometer consists 68- 
S^eS!"^'' sentially of a glass tube with a bulb at one 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube is then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

636. As ihermometers are constructed of different dimen- 
mometera gra^ sions and capacities, it is necessary to have some fixed rules 
ducted? for graduating them, in order that they may always indicate 

the same temperature under the same circumstances, as the freezing-point, for 
example. To accomplish this end the following plan has been adopted : — 
The thermometers are first immersed in melting snow or ice. The mercury 
will be observed to stop in each thermometer^tube at a certain height ; liiese 
heights are then marked upon the tube& Kow it has been ascertained that 
at whatever time and place the instruments may be afterward immersed in 
melting snow or ice, the mercury contained in them will always fix itself at 
the point thus marked. This point is called the freezing point of water. 

Aiiother fixed point is determined by immersing the instruments in boiling 
water. It has been found that at whatever time or place the instruments 
are immersed in pure water, when boiling, provided the barometer stands at 
the height of thirty inches, the mercury will always rise in each to a oertun 
height This, therefore, forms another fixed point on the scale, and is called 
the boiling point 

Thus far all thermometers are constructed alike. In the 
ttiermometer* thermometer most generally used, and which is known as 
jot Fahrenheit Fahrenheit's, the intervals on the scale, between the fi-eezing 
graduated ^^^ boiling pouits, are divided into 180 equal parts. This 
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division is similarly oontinued below the freezing point to 
the place 0, called zero, and each divLEtion upward from that 
is marked with the successive mmibers 1, 2, 3, eta The 
fi^ezang point will now be the 32d division, and the b(»ling 
point will be the 2I2th division. These divisions are called 
degrees, and the boiling point will therefore be 212°, and the 
fi'eezing temperature, 32°. Fig. 203 represents the usual form 
of thermometer, with its graduated scale. 

Thermometers of this character are called Fahrenheit's, 
fix>m a Dutch philosophical instrument-maker who first intro- 
duced this method of graduation in the year 1724. 

wh«t other 537. In addition to Fahrenheit's 

bIS'SFJhren. thermometer, two others are ex- 
heit'»areu«edf tensivelj used, which are known 
as Reaumur's, and the Centigrade thermom- 
eter, or thermometer of Celsius. 

The only difference between these three 
kinds of thermometers ia the difference in 
graduating the interval between the freezing 
and boiling points of water. Reaumur's is di- 
vided into eighty degrees, the Centigrade into 

one hundred, and Fahrenheit's into one hundred and eighty. 

According to Reaumur, water freezes at 0°, and boils at 80® ; 

according to Centigrade, it freezes at 0°, and boils at 100° ; 

and according to Fahrenheit, it freezes at 32®, and boils at 

212° ; the last, very singularly, commences counting, not 

at thQ freezing point, but 32® below it 

The difference between tiiese 



Fia 203. 



What consti- 
tutes the dif- 
ference be- 
tween the dif- 
ferent rarieties 
of the ther- 
mometer f 





instruments can be easily seen 
by reference to Fig. 204. 

In England, Holland, and the 

United States, the thermometer i k 

most generally used is Fah- 
renheit's. Reaumur's Ecale is used in Ger- 
many, and the Centigrade in France, Sweden, 
and some other parts of Europe. The scale 
of the Centigrade is by &r the sunplest and 
most rational method of graduation, and at the 
present it is almost universally adopted for 
scientific purposes. 

638. The thermometer was invented about 
the year 1600; but, like many other inven- 
tions, the merit of its discovery is not to be 
ascribed to one person, but to be distributed 



among many. 
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How Is cold of ^^^* "^ ^^® temperature is lowered, ttie mercuiy in Pah- 
rreat intensi^ renheit's thermometer g^dually sinks, until it reaches a point 
iDdkated t 390 i)elow ssero, where it freezes. Mercury, therefore, can not 

be made available for measuring cold of a greater intensity. This difficulty 
is, however, obviated byiising a thermometer filled with alcohol colored red, 
as this fluid, when pure, never freezes, but will continue to sink lower and 
lower in the tube as the odd increases. Such a thermometer is called a 
• Q>irit thermometer. 

H is h t of ^^^' ^^ Fahrenheit's thermometer be heated, the mercury 
great intensity contained in it will rise in the tube until it reaches 660<>, at' 
measured t wliich temperature it begins to boil, A slight additional heat 

forms vapor sufficient to burst the tube. Mercury, therefore, can not be used 
to measure degrees of heat of greater intensity than 660° F. Temperatures 
greater than this are determined by means of the expansion of solids ; and 
instruments founded upon this principle are commonly called pyrometers. 



Fia. 205. 




FiO. 206. 



E lain fhe ^® construction of the pyrometer is represented in Fig. 
construction of 205. A represents a metallic bar, fixed at one end, B, but 
the pyrometer, j^^ f^^ ^^ ^^^ ^^^^^ ^^ j^ contact with the end of a pointer 
K, moving freely over a graduated scala If the bar be heated by the flame 
of alcohol, the metal expands, and pressing upon the end of the pointer, moves 
it, in a greater or less degree. In this manner, the effect of heat, applied for 
a given length of time, to bars of different metals, having the same length and 
diameter, may be determined. 
__ . 541. The first thermometer 

atr-thermome- used consisted of a column of 
*^ ' air confined in a glass tube over 

colored water. Heat expands the air and in- 
creases the length of the column downward, 
pushing the water before it : cold produces a 
contrary effect. The temperature is thus indi- 
cated by the height at which the water is ele- 
vated in the tube. ' Fig. 206 represents the prin- 
ciple of the construction of the air-thermometer. 
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jj^ .. A thermometer does not inform us how much heat any sub- 

mometer in- Stance contains, but it merely points out the difference in the 
ma"h "h t^^ temperature of two or more substances. All we learn by the 
substance con- thermometer is whether the temperature of one body is greatcfx 
^^^^^ or leas than that of another; and if there is a difference, it is 

expressed numerically — ^namely, by the degrees of the thermometer. It must 
be remembered that these degrees are part of an arbitrary scale, selected for 
convenience, without any reference whatever to the actual quantity of heat 
present in bodies. 

After the ex- ^42. The first eflfect produced by beat upon 
^m^ he^l solids is expansion. If tbe heat be augmented, 
fc^*i»*'icSo£ *h®y change their aggregate state and melt, 
*^«^' or become liquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. In this position, glass can be bent 
and molded with facility, and fron can be forged or welded. 
whatiaLique- ^3« ^7 Liqucfaction we understand the 
^^^^^ conversion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
heat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constituent 
particles asunder to such an extent that the force of cohesion is overcome or 
destroyed. 

What is soiu- 544. When a solid is immersed in a liquid, 
******' and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

,—. , , When a fluid has dissolved as much of a solid as it is 

Whenisasolu- ,, * . . , , . , 

tion said to be capable of domg, it is said to be saturated ; or, m other words, 
oataratedr ^j^^ aflSnity or attraction of the fluii for the solid continues to 

operate to a certain point, where it is overbalanced by the cohesion of the 
solid; it then ceases, and the fluid is said to be saturated. 

„ , _ A solution is a complete union : a mixture is a mere me- 

riow does a ,' . . . /.» i. 
solution differ chanical union of bodies. 

from^ a mix- j^ j^jg^ cases, the addition of heat to a liquid greatly in- 
creases its solvent properties. Hot water will dissolve much 
more sugar than cold water; and hot water will also dissolve many things 
which cold water is unable to affect 
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What is v»- 545. If heat be imparted in sufficient qoan- 
poriratkmr ^j|.y ^^ ^^ j^^y jj^ ^^ liquid State, it will pass into 

a state of vapor. Thus, water being heated sufficiently 
will pass into the form of steam. This change is called 
Vaporization. 

What u Cod- ^46. If a bodj in a state of vapor lose heat 
denMtionr ^ sufficieut quantity, it will pass into a liquid 
state. Thus, if a certain quantity of heat be abstracted 
from steam, it will become water. This change is called 
Condensation. 

The change from a state of yapor to a liquid is termed condensation, be- 
cause, in so doing, the body always undergoes a very considerable diminution 
of volume, and therefore becomes condensed. Most solids become liquefied 
before they vaporize ; but some pass at once, on the application of heat, from 
the state of a solid to that of a vapct, without assuming the liquid condition. 

647. The melting of a solid, or its conver- 

to^^teSipeSl sion into a liquid, only occurs when the solid 

forthlX-HM- is heated up to a certain fixed point ; but the 

ono vaporg ^QQygygiQQ of a Hquid into a vapor takes place 

at all temperatures. 

If in a hot <iay we expose a vessel filled with cold water to the open air> 
we find that the quantity of water rapidly diminishes, that is, it evaporates, 
which means that it is converted into vapor and diffused through the air. 

What iB the ^^' The vapor of water, and all other va- 
tJJw?"*^ **' pors, are invisible and transparent. The water 
which has become diffused through the air by 
evaporation only becomes visible when, on returning to its 
fluid condition, it forms mist, cloud, dew, or frost. 

Steam, which is the vapor of boiling water, is invisible, but when it comes 
in contact with air. which is cooler, it becomes condensed into small drops, 
and is thus rendered visible. 

The proof of this may bo found in examining the steam as it issues from 
an orifice, or the spout of a boiling ketUo : for a short space next to the open- 
ing no steam can be seen, since the air is not able to condense it; bat as it 
spreads and comes in contact with a larger volume of air, the invisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popidarly called steam, should be, therefore, distin- 
guished fix)m steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an air or vapor at all, but a collec- 
tion of minute bubbles of water, wafted by a current either of true steam, oi^ 
more fi^quently, of mere moist air. 



THB K^FKCTS OF HEAT. 



239 



Is a boiling 
temperatare 
requisite for 
the prodncUon 
•ijteamf 



Is vapor al- 
ways present 
in air? 



What is the 
relabive space 
occupied by 
liquids and ya- 
porsf 



Fig. 201. 



The mjiiads of minute globules of water into which the steam is condensed 
are separately invisible to the naked eye, but each, nevertheless, reflects a 
minute ray of white light The multitude of these reflecting points, there- 
fore, make the space through which they are diffused appear like a cloudy 
body, more or less white, according to their abundance. 

The surface of any watery liquid, whose temperature Is 
about 20® wanner than any superincumbent air, rapidly gives 
off true steam. It is not necessary, therefore, for the produc- 
tion of steam that water should be raised to the boiling tem- 
perature. 

549. Air without vapor (theoretically called 
dry air) is not known to exist in nature, and is 
probably not producible by art. 

550. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 

steam, expands to nearly 1700 times its volume. 

Fig. 20*7 represents the comparative 
volume of water and steam. 

isthedenrity 551. Vapors are 
for^r" of aU degrees of 

density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

The opinion formerly prevailed that va- 
pors could not exist by themselves as 
such, but that they were dissolved in the 
air in the same way as salt is dissolved in 
water. The fallacy of this idea is proved 
by the feet that evaporation goes on more 
rapidly in a vacuum, where no substance whatever is present, than in the 
air. 

What drcum- 552. Evaporatiou takes place from the sur- 
m^^^l^^ faces of bodies only, and is influenced in a 
^^^ great degree by the temperature, dryness, still- 

ness, and density of the atmosphere. 

„ . The effect of temperature in promoting evaporation may bo 

pentnre influ- illustrated by placing an equal quantity of water in two sau- 
cers, one of which is placed in a warm and dry, and the other 
in a cold and damp, situation. The former will be quite diy 
before the latter has suffered an appreciable diminution. 




enoe evapora- 
tionf 
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How does the. "^^en water is covered by a Btratum of dry air, the evapo- 
•tate of the air hition is rapid, even whea its temperature is low ; whereas it 
onlSon? *^*^ fi^*^®* *^ ^^^y slowly if the atmosphere contains much vapor, 
eren though the air be very warm. 

Bvaporation is far slower in still air than in a current. The air imme- 
diately in contact with the water soon becomes moist, and thus a check is 
put to evaporation. But if the air be removed by wind from the sur&oe of 
the water as soon as it has become charged with vapo^, and its place 
supplied with fresh air, then the evaporation continues on without intoi^ 
ruption. 

Evaporation is by no means confined to the sur&oe of liquids; but takes 
place from the surface of the soil, and from all animal and vegetable produo- 
tiona Evaporation takes place to a very considerable extent from the sur- 
face of snow and ice, even when the temperature of the air is &r below the 
freezing point 

_. . . 653. A very singular drcumstance is connected with the 

circamstanee diffusion of vapors throughout the atmosphere, ^iz. : that the 
irlthtiT^difl^ vapors of aL todics arise into any space filled with air, in 
■Ion 01 vaponf the same manner as if air were not present, the two fiuids 
seeming to be independent of each other. 

Thus as much vapor of water can be forced into a vessel filled with air as 
into one fk)m which the air has been exhausted. 

654. When a drop of water falls upon a sur&ce highly 
phenomena of heated, as of metal, it will be observed to roll along the sur- 
af**«2u?^**f ^^"^ without adhering, or immediately passing into vapor, 
iiqnidi. The explanation of this is, that the drop of water does not in 

reality touch the heated surface, but is buoyed up and sup- 
ported on a layer of vapor which intervenes between the bottom of the drop 
and the hot surface. This vapor is produced by the heat which is radiated 
from the hot substance, before the liquid can come in contact with it, and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because the current of air which is always passing over a heated sur- 
&ce drives it forward. The drop evaporates slowly, because the layer of 
vapor between the hot sur&ce and the liquid prevents the rapid transmis- 
sion of heat The liquid resting upon a cushion of steam continually evolved 
fh>m its lower surface by heat, assumes a rounded, or globular shape, as tfao 
result of the gravity of its particles toward its own center. 

The designation which has been given to the condition which water and 
other liquids assume when dropped upon very hot sui&oes, is that of tho 
^ spheroidal state." 

If the sur&ce upon which the liquid rests is cooled down to such an ex- 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the sur&ce, and heat being com- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of touching 
a flat-iron with moisture to ascertain whether the sur&ce is suffidently hot 
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If the temperature of the iron is not eleyated safBdently, the moisture wets 
the surface, and is evaporated ; but at a higher degree of temperature, the 
moisture is repelled. 

The phenomenon of the spheroidal condition of water furnishes an explana* 
tion of the feats often performed by jugglers, of plunging the hands with im- 
punity into molten lead, or iron. The band is moistened, and when passed 
into the liquid metal the moisture is yaporized, and interposes between the 
metal and the skin a sheath of yapor. In its convereion into vapor, th» 
moisture absorbs heat, and thus still further protects the skin. 
What is ebui- 555. When a liquid is heated sufficiently to 

^^"^^ form steam, the production of vapor takes 
place principally, at that part where the heat enters ; and 
when the heating takes place not from above, but from 
the bottom and sides, the steam as it is produced rises in 
bubbles through the liquid, and produces the phenomenon 
of boiling, or ebullition. 

What i» the 556. The temperature at which vapor rises 
boiungpoint? ^j^jj sufficient freedom to cause the phenome- 
non of ebullition, is called the boiling point. 
Is «ie boning 557. Diffiirent liquids boil at diflferent tem- 
SuiqSidfSi peratures. The boiling point of a liquid is, 
"^' therefore, one of its distinctive characters. 

Thus water, under ordinary cipcumstances, begins to boil when it is heated 
up to 2120 F. ; alcohol at 173<> ; ether at 96<> ; syrup at 221° ; linseed oil 
At 640O. ^ 

^^ i« Bi - ^® gentle tremor, or undulation, on the surface W water 

meringt which precedes boiling, and which is termed " simmering," is 

owing to the collapse of the bubbles of steam as they shoot 
upward and are condensed by the colder water. The first bubbles which 
form are not steam, but air which the heat expels from the water. As the 
temperature of the whole mass of the water increases, the bubbles are no 
}ran<tfiir oondcnsed and collapsed, but rise through to the surface ; and the 
Uiv^ment that this takes place boiling commences. The singing of a tea-kettlo 
before boiling is occasioned by the irregular escape of the air and steam ex- 
pelled from the water through the spout of the'tea-kettle, which acts hi the 
manner of a wind-instrument in producing a sound. 

_ . . 558. Liquids, in general, being boiled in open yessels, aro 

presirareofthe subjected- to the pressure of the atmosphere. The tendency 
fSth^lling ^^ ^^^ pressure is to prevent and retard the partides of 
of Uqnids? Water from expanding to a suflScient extent to form steam. 

Hence if the pressure of the atmosphere varies, as it does at 
different times and places, or if it be increased or diminished by artificial 
meanS} the boiling point of a liquid will undergo a oorrespondmg change. 

11 
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H a tb ^^^' ^ ^® ascend into the atmosphere the pressure is di> 

temperature at minished, because there is less of it above us; it therefore 
boiiB**be ^nred ^ol^ows, that water at different heights in the atmosphere will 
for determln- boil at different temperatures, and it has been found by ob- 
ing eievatioMf gervation, that an elevation of 550 feet above the level of the 
sea causes a differenoe of one degree in its boiling point. Hence the boiling 
point of water becomes an indication of the height of any station above the 
sea-level, or in other words, an indication of the atmospheric pressure ; and 
thus bj means of a kettle of boiling water and a thermometer, the height of 
the summit of any mountain may be ascertained with a great degree of ac- 
curacy. If the water boils at 211° by the thermometer, the height of the 
place is 550 feet ; if at 210<', the height is 1100 feet, and so on, it beuig only 
necessary to multiply 550 by the number of degrees on the thermometer 
between the actual boiling point and 212°, to ascertain the elevation. In the 
city of Quito, in South America, water boils at 194° 2'' F. j its height above 
the sea-level is, therefore, 9,541 feet 

As we descend into mines, the pressure of the atmosphere is increased, there 
being more of it above us than at the sui£ice of the earth. Water, therefore, 
must be heated to a higher temperature before it will boil, and it has been 
found that a descent of 550 feet, as before, makes a difference of one degree. 

— ^. 660. In a like manner, if by artificial means we increase or 

How can the "^ 

l)oiiing point diminish the pressure of the atmosphere on the surface of a 

chanBed*^*arS? ^^^i^» we change its boiling point. If water be heated in a 
fidaUy? vacuum, ebullition will commence at a point 140° lower than 

in the open air. If a vessel of ether be placed under the re* 
ceiver of an air-pump, and the atmospheric pressure removed from its surfaoo, 
the vapor rises so abundantly that ebullition is produced without any in- 
crease of temperature. 

How iB roear Several beautiful appUcations in the arts have been made 
boiled in the of the principle that Hquids boil at a lower temperature when 
gr^eM of re- f^^Q^ ^^^^ ^^ pressure of the atmosphere than in the open 
air. 

In the refining of sugar, if the syrup is boiled in the open air, the tempera-' 
ture of the boiling point is so high that portions of the sugar become decom-' 
posed by the excess of heat, and lost or injured ; the syrup is therefore boiled 
in close vessels from which the air has been previously exhausted, and in this 
way the water of the syrup may be evaporated at a temperature so low as to 
prevent all injury from heat. 

For cooking, this application could not be carried out The water mi^ty 
indeed, be made to boil at a temperature much less than 212°, but owing to 
its diminish ed heat would not produce the desired effect 

What !a distil. ^61. Distillation is a process by which one 

lationt Yyodj is Separated from another by means of 

heat, in cases where one of the bodies assumes the form 

of vapor at a lower temperature than the other ; this first 
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Fig. 208. 




rises in the form of vapor^ and is received and condensed 
in a separate vesseL 

By this means veiy volatOe bodies can be easily separated from less yola- 
tile ones; as brandy and alcohol from the less volatile water which may be 
mixed with them. "Water of extreme purity can also be obtained by distQ- 
lation, because the non-volatile and earthy substances contained in all spring 
waters do not ascend with the vapor, but remain behind in the vessel 

Distillation upon a small 
ftcale is effected by means 
6i a peculiar-shaped vessel, 
called a retort, Fig. 208, 
which is half filled with a 
volatile liquid and heated ; 
the steam, as it forms, 
passes through the neck of 
the retort into a glass re- 
ceiver set into a vessel filled 
with cold water, and is then 
condensed. 

When the operation of distillation is conducted on an extensive scale, a large 

vessel called a " sUW^ is used, and, for con- 
densing the vapor, vats are constructed, 
holding serpentme pipes, or "worms," 
which present a greater condensing sur- 
face than if the pipe had passed directly 
through the vat To keep the coil of pipe 
cool, the vats are kept filled with cold 
water. In Fig. 209, a is a furnace, in which 
is fixed a copper vessel, or still, to contain 
the liquid. Heat being applied, the steam 
rises in the head, 5, and passes through 
the worm, d^ which is placed in a vessel 
oi water, the refrigerator. The vapor 
thus generated is condensed in its passage, and passes out as a liquid by the 
external pipe into a receiver. 
•nrv ^ 1 *!- The difference between drymg by heat and distillation is, 

vVD&t U tll6 •■!*•/» 

difference be- that in one case, the substance vaponzed, bemg of no use, is 
Ween ^rji^ allowed to escape or become dissipated in the atmosphere ; 
distillation? while in the other, being the valuable part, it is caught and 
condensed into the liquid form. The vapor arising from damp linen, if caught 
and condensed would be distilled water ; the vapor given out by bread while 
baking, would, if collected, be a spirit like that obtained in the distillation of 
grain. 

_. 562. As some substances, by the application of heat, pass 

matioar directly fix)m the solid condition to the state of vapor, so some 

substances, as camphor, sulphur, arsenic, etc., when vaporized 
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bj heatf deposit their condensed Tapora in a solid form. Thin process is 
termed sublimation. 

whatnmark. ^63. Ooe of the most remarkable circum- 
^^aeellttetlda stanccs which accompany the phenomeDa, 
^^5!S2ion*?* both of liquefaction and vaporization, is the 
disappearance of the heat which has effected 
the change. 

How may thii '^^ ^ * thermometer be applied to a mass of snow, or ic9 
prlncipU be 11- just upon the point of melting, it will be found to stand aft 
Inttnted? 330 p. If the ice be placed m a vessel over a fire, and the 

temperature tested at the moment it has entirely melted, the water produced 
will have only the temperature of 32^, the same as that of the original ice. 
Heat^ hewev^er, during the whole process of melting, has been passing rapidly 
into the vessel from the fire, and if a quantity of mercury, or a solid of the 
same size, had been exposed to the same amount of heat, it would have con- 
stantly increased in temperature. It is clear, therefore, that the conversion of 
ice, a sofid, into water, a liquid, has been attended with a disappearance of heat 

Again : if one pound of water, having a temperature of IH^, be mixed with 
one pound of snow at 32°, we shall obtain two pounds of water, having a 
temperature of 32**. All the heat, therefore, which was contained in the 
hot water is no longer to be detected by the thermometer, it having been en- 
tirely used up, or disposed of in converting snow at 32° into water at 32o. 
Such disappearances always occur whenever a solid is converted into a liquid. 

H however, a pound of water at 32®, instead of ice at the same tempera- 
ture, had been mixed with a pound of water at 1 *l49j we shall obtain two 
pounds at 103°, a temperature exactly intermediate between the temperatures 
of the components But if the pound at 32° had been solid instead of liquid, 
then the mixture, as before explained, would have had a temperature of 32°. 
It is evident, therefore, that it is the process of liquefaction, and it alone, which 
renders latent or insensible all that heat which is sensible when the pound 
of water at 32° is liquid. 

_ ^. In the same manner heat disappears when a liquid is con- 

How may tbe , . »„ , . ^1 ^ . ^/^ . ^ 

absorption of verted mto a vapor. The absorption of heat, in this instance^ 

raSon**brren^ may be easily rendered perceptible to the feelings by pouring 
dered evident? a few drops of some liquid which readily evaporates, such as 
ether, alcohol, etc, upon the hand. A sensation of cold is immediately ex- 
perienced, because the hand is deprived of heat, which is drawn away to eflTect 
the evaporation of the liquid. On the same principle, inflammation and fever- 
ish heat in the head may be allayed by bathing the temples with Cologne 
water, alcohol, vinegar, etc. 

If we surround the bulb of a thermometer loosely with cotton, and then 
moisten the latter with ether, the thermometer will speedily fall several degrees. 
Why can not "W'ater when placed in a vessel over a fire, gradually at- 
Vat^r Impart tains the boiling temperature, or 212°; but afterward, how- 
•|Ujp*5omng ?* ever much we may increase the fire, it becomes no hotter, all 
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the heat which is added serving only to conyert the water at 212^ from a 
' liquid oondition into steam, or vapor, at 212^. 

664. If we immerse a thermometer in boiling water, it 
know Suft^^ Stands at 212^ ; if we plaoe it in steam immediately above it, 
£*h"tt«r A ^' ^* indicates the same temperature. We know, however, that 
water at the steam contains more heat than boiling water, because if we 
^6^temp«r». ^jj, ^ ^^^^^ ^f ^^^^^ ^ 212° with five and a half ounces of 
water at 32^, we obtain six and a half ounces of water at a 
temperature of about 60° ; but if we mix an ounce of steam at 212° with five 
{ind a half ounces of water at 32°, we obtain six and a half ounces of water at 
212°. The steam, from which the increased heat is all derived, contains as 
much more heat than the ounce cf water at tlie same temperature, as would 
be necessary to raise six and a half ounces of water from Uie temperature of 
60O to 212°, or six and a half times as mudi heat as would be requisite to 
raise one ounce of water through about 152° of temperature. This quantity 
of heat will, therefore, be found by multiplying 152° by six and a hal$ 
which will give a product of 983° — ^the excess of heat contained in an 
ounce of steam at 212° over that contained in an ounce of boiling water at 
the same temperature. 

What becomes ^^^' ^ ^'^ conversion oi solids into liquids^ and liquids into 
of the heat vapors by heat, we may suppose the heat» the solid, and the 
TO«n?in?i!S5l %^^ ^ ^^® respectively combined together;— forming a 
faction and ▼&. Jiquid in the one case^ and a vapor in the other. A liquid, 
^ °™' therefore, may be regarded as a compound of a solid and 

heat, and a vapor as a compound of heat and the liquid from which it was 
formed. The heat which disappears in these combinations is called Latent, 
or Compound Heat. 

.^^^^ ^^ The absorption of heat consequent on the conversion o| 

freezing mix* solids into liquids, has been taken advantage oC in the arts fot 
tares? ^^iq production of artificial cold ; and the compounds of dif- 

ferent substances which are made for this purpose, are called ^^eezing mix* 
tures. 

Wh does the ^^ ^^^ sunple fi-eezing njixture is snow and salt Salt 
mixtare of dissolved in water would occasion a reduction of temperature, 
produoT^tral^ ^^* ^^®^ *^® chemical relations of two solids are such, thai 
cold? on mixing, both are rendered liquid, a still greater degree of 

eold is produced. Such a relation exists between salt and snow, or ice, and 
therefore the latter substances are used in preference to water. When the 
two are mixed, the salt canses the snow to melt by reason of its attraction 
for water, and the water formed dissolves the salt : so that both pass from 
the soUd to the liquid condition. If the operation is so conducted that n9 
heat is supplied from any external source, it follows that the heat absorbed 
in liquefSEUstion must be obtained from the salt and snow which comprise the 
mixture, and they must therefore suffer a depression of temperature proper* 
tional to the heat which is rendered latent. 
In this way a degree of cold equal to 40° below the fi'eezmg point oi 
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How great a 'water maj be obtained. The application of this ezperimeiit 

degree of cold ^ the freezing of ice-creams is familiar to all. 

ean be obtain- 

ed by freezing By mixmg snow and sulphuric acid together m proper pro- 

mixturea ? portions, ^ temperature of 90° below zero can be obtained 

without diflaculty. 

Why is the air *^^ ^^ ^ *^® Spring of the year, when the ice and snow 

In ipring cold are thawing, is always peculiarly cold and chilly. This is due 

and chilly? ^ ^^ constant absorption of heat from the air by the ice and 

snow in their transition from a solid to a liquid state. 

^.^ ^ A shower of rain cools the air in summer, because the eaifli 

Why doea a 

ohoweriiiBum- and the air both part with their heat to promote evaporatioB. 
mer cool the jjj ^ y^^ manner, the sprinkling of a hot room with water 

cools it 
Why ia the ^^ druning of a country increases its warmth, since by 
^^"t^ ^' * withdrawing the water, evaporation is diminished, and less 
moted by heat is subtracted from the earth. 

draining? tj^Q danger arising from wet feet and clothes is owmg to 

Why do wet ^® absorption of heat from the body by the -evaporation from 
J""** ^T c*othee the sur&ces of the wet materials ; the temperature of the body 
the heaitif^ ^B in this way reduced below its natural standard, and the 
the body ? proper circulation of the blood interrupted. 

566. The absorption of heat in the process by which liquids 
tinreBse i°con- "® converted into vapor, will explain why a veasel containing 
taiiilng water a liquid that is constantly exposed to the action of fire, can 
ftredM«roy£? ^^^^^ receive such a degree of heat as would destroy it A 

tin kettle containing water may be exposed to the action of 
the most fierce furnace, and remun uninjured ; but if it be exposed, without 
containing water, to the most moderate fire, it will soon be destroyed. The 
heat which the fire imparts to the kettle containing water is immediately ab- 
sorbed by the steam into which the water is converted. So long as water is 
contained in the vessel, this absorption of heat will continue ; but if any part 
of the vessel not containing water be exposed to the fire, the metal will be 
fiised, and the vessel destroyed. 

667. When vapors are condensed into liq- 
circumfitanceB uids, and liquids are changed into solids, the 
b^me eeiud. latent beat contained in them is set free^ cr 
made sensible. 

If water be taken into an apartment whose temperature is several degrees 
below the freezing pomt, and allowed to congeal, it will render the room sen- 
sibly warmer. It is, therefore, in accordance with this principle that tubs of 
water are allowed to freeze in cellars in order to prevent excessive cold. 

It is from this cause that oceans, seas, and other large collections of water 
we most powerful agents in equalizing the temperature of the inhabited parts 
of the globe. In the colder regions, every ton of water converted into toe 
^vea out and diffuses in the surrounding region as much beat as woold 
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raise a ton of water from 32° to l'r4o ; and, on the other hand, when a rise 
of temperature takes place, the thawing of the ice absorbs a like quantity of 
heat : thus, in the one case, supplying heat to the atmosphere when the tem- 
perature fiUls; and, m the other, absorbing heat from it when the temperature 
rise& 

In the winter, the weather generally moderates on the &11 of snow; snow 
is frozen water, and in its formation heat is imparted to the atmosphere, and 
its temperature increased. 

Steam, on account of the latent heat it contains, is well 
TP^rjB^BteMii adapted for the warming of buildings, or for cooking. In 
adapted for passing through a line of pipes, or through meat and vegeta- 
w^^ and ^Yea, it is condensed, and imparts to the adjoining surfeces 
nearly 1000^ of the latent heat which it contained before 
condensation. 

Steam bums much more severely than boiling water, for the reason that 
the heat it imparts to any surface upon which it is condensed is much greater 
than that of boiling water. 

istheqnantt^ 568. All bodies COD tain incorporated with 
b^^* toe them more or less of heat ; but equal weights 
■*™*' of dissimilar substances, having the same sen- 

sible temperature, contain unequal quantities of heat. 

H fhU "^^^^ '^ ^® P^*^® * pound of water and a pound of mercury 

be demon- oyer a fire, it will be found that the mercury will attain to any 
■trated? given temperature much quicker than the water. Or if we 

perform the converse of this experiment, and take two equal quantities of 
mercury and water, and having heated them to the same degree of tempera- 
tare, allow them to cool freely in the air, it will be found that the water will 
require much more time to cool down to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefore requires a longer time to cooL 
What is the ^^^' ^^"*™*^ substances require, respectively, different 
meaning of the quantities of heat to raise their temperatures one degree ; and 
^m^ epecific ^he quantity of heat necessary to produce this effect upon a 
body is termed its specific heat In like manner, the weight 
which a body includes under a given volume, is termed its specific gravity. 

,^ ,. ^ 670. A substance is said to have a greater 

Wbatia under- . « ■■ t 

■feood bTcapac- Or Icss capacitv for heat, according as a greater 
or less quantity of heat is required to produce 
a definite change of temperature, or an elevation of tem- 
perature of one degree. 

How does the ^ general, the capacity of bodies for heat decreases with 

capacity for heat their density. Thus mercury has a less capacity for heat than 

SiSJMwy?" ^^^^^ because its density is greater. Air that is rarefied, or 

thin, has a greater capacity for heat than dense air. This 
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drcumstonoe will ezplam, in part, the reason of the very low temperatures 
which exist at great elevations in the atmosphere. Persons ascending high 
mountains, or in balloons, find that the cold increases with the elevatioD. 
The reason of this is, that as the air expands and becomes rarefied, its capac- 
ity for heat is greatly increased, and it thereTore absorbs its own sensibld 
heat 

What l8 the ^^ *^ quarters of the globe, the temperature of the air at a 
Umit of per. certain height is reduced so low by its rare&ction, that water 
fetaalsDOw? ^j^ qq|. Q^^jgj. -^ ^ ^^^^ g^^^ r^^ jj^j^j^ ^j^^ height of 

which varies, being the most elevated at the equator, and the most depressed 
«t the poles, is called the line of Perpetual Snow.* 

Air forcibly expelled from the mouth feels cool ; in this instance the cold is 
due to a sudden expansion of the air, by which its capacity for heat is in- 
creased. 

The capacity for heat also increases with the temperature. Thus it requires 
a greater amount of heat to elevate the temperature of platinum from 212^ to 
2130 than from 32<> to 33° 

Of ail known bodies, water has the greatest capacity ibr heat 

There are several dififerent ways by means of which the ca* 
S^iMdu^^ for P*ci*y ^^ bodies for heat may be determined. One method 
heat in differ- consists in inclosing equal weights of different bodies heated 



be aiwrtaSed*? ^ ***® *'*™® temperature, in closed cavities in a block of ice^ 
and measurii^ the respective quantities of water which they 
produce by melting the ice. 

The same result may also be obtained by what is called the method of mix- 
turea Thus, if we mix 1 pound of mercury at 66® with 1 pound of water at 
32®, the common temperature will be 33®. Here the mercury loses 33® and 
the water gains 1®; that is to say, the 33® of the mercury only elevates the 
water I®, therefore the capacity of water for heat is 33 times that of mercury; 
or, if we call the capacity or specific heat of water 1, then the ci^>acity or 
specific heat of mercury will be l-33d or .0303. 

In this way the capacities for heat of a great number of bodies has been 
determined, and tables constructed in which they are recorded. In these 
tables water is taken as the unit of comparison. 

All vapors are elastic, like air. 
eLietidtyofya- The tendency of vapors to expand is unlim- 
^^ ited ; that is to say, the smallest quantity of 

vapor will diftuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

* The line of perpetual snow at the equator ooears at a height of about 16,000 feet; at 
(he Straite of Magellan, it occors at an elevation of only 4,000 feet. 
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The force with which a vapor expands is called its elastic 
force, or tension. 

The elasticity or pressure of vapors Is best illustrated in the case of steam, 
which m&y be considered as the type of all vapors. 

When a quantity of pure steam \s confined in a dose vei 



ner i» the eltM- ^^ elastic force will exert on every part of the interior of the 
tic force of vessel a certain pressure directed outward, having a tendency 
fteamezerted? . . j. j.. ^ -to j 

to burst the vessel 

What is the When ste^m is generated in an open vessel its elastic force 
steam fonned ™^* ^® equal to the elastic force or pressure of the atmos- 
in an open vefc- phere ; otherwise the pressure of the air would prevent it firoro 
forming and rising. Steam, therefore, produced from boiling wa- 
ter at 212° F., is capable of exerting a pressure of 15 pounds upon every square 
inch of surface, or one ton on every square foot, a force equivalent to the 
pressure of the atmosphere. 

„ ^- If water be boiled under a diminished pressure, and there- 

How may the . , , ,.,.,,« 

clastic force of fore at a lower temperature, the steam which is produced from 

creaTOd^or S- ^ ^^ ^*^® * pressure which is dimmished m an equal de- 

minished? gree. I^ on the contrary, the pressure under which water 

boils be increased, the boiling temperature of the water and 

the pressure of the steam formed will be increased m a like proportion. We 

have, therefore, the following rule : — 

To what is the 571. Steam raised from water, boiling under 
S^^S^a;?i ai^y given pressure, has an elasticity always 
®**°*^' equal to the pressure under which the water 

boils. 

How is steam S^ani of a high elastic force can only be made hi close ve&- 
of bigii elastic sels, or boilers. The water in a steam-boiler, in the first in- 
foroe generated? gtance, boils at 212°, but the steam thus generated bemg 
prevented from escaping, presses on the surface of the water equally as on 
the aur&ce of the boiler, and therefore the boUiog. point of the water becomes 
higher and higher ; or in other words, the water has to grow constantly hot- 
ter, in order that the steam may form. The steam thus formed has the same 
temperature as the water which produces it 

_ The temperature of the water in working steam-boilers ia 

tent can vater always much greater than 212°. It should i^so be borne in 
der^^iST ™^^ *^** water, if subjected to suflSdent pressure, can 'be 
heated to any extent without boiling. There is no limit to 
the degree to which water may be heated, provided the vessel is strong 
enough to confine the vapor ; but the expansive force of steam is so enormous 
under these circumstances, as to overcome the greatest resistance which has 
ever been exerted upon it. 

If a boiler, containing water thus overheated many degrees beyond the 
boiling point, be suddenly opened, and the steam allowed to expand, thu 

11 
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whole water is immediately blown out of the vessol as a mist by the steam 
formed at the same instant throughout every part of the mass. To use a 
common expression, " the water flashes into steam." 

T hat Steam, like water, may be heated to any extent when con- 

tent can ateam fined and prevented from expanding with the increase of 
der mSSuw?' temperature ; in some of the methods lately introduced for 
purifying oils, etc., the temperature of the steam, before its 
application, is required to be sufficiently elevated to enable it to melt lead. 

Whatissoper- 572. Stcam which has been heated in a 
heated Steam? separate statc to a high degree of temperature 
under pressure, is known as " Superheated Steam/' In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the manu£EU}ture of lard on an extensive scale the carcass of the whole 
hog is exposed to the action of steam at very high pressure, this acting upon 
the mass of flesh and bones, breaks up and reduces the whole to a &t 
fluid mass. Ordinary steam, under the same circumstances, would dissolve 
nothing. 

Steam has also been recently applied to the carbonization of wood. For 
this purpose ordinary steam is conducted through red hot pipes^ whereby it 
attains a very high degree of temperature. It is then allowed to pass into a 
vessel containing wood intended to be converted into charcoal The heated 
steam, penetrating into the pores of the wood, drives off the volatile portions, 
the water, the tar, eta, and leaves the pure carbon alone behind. 

What is High- 573. Steam generated by water boiling at a 
presanre steam? ^^jj jjjgj^ temperature, is known as High- 
pressure Steam. By this term we mean steam condensed 
not by withdrawal of heat, but by pressure, just as high- 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volume. 
What relation 574 Thc sum of the sensible heat of any 
wMibi^'^Sd vapor, and the latent heat contained in it, is 
latent heat? always the same. 

It is an established fact that the heat absorbed by vaporization is always 
less the higher the temperature at which this vaporization takes plaoe, and 
just in proportion also as vapor or steam indicates a lower temperature by the 
thermometer, it contains more latent heat Thus, if water boils at 312®, the 
heat absorbed in vaporization will be less by 100® than if it "boiled at 212®. 
And agam, if water be boiled under a diminished pressure at 112®, the heat 
absorbed in vaporization will be 100® more than the heat absorbed by water 
boiled at 212®. 
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SECTION IV. 

What ii a 675. The Steam-Engine is a mechanical 
steam-Engiiier contiivance by which coal, wood, or other 
fuel, is rendered capable of executing any kind of labor.* 

„ . The substance which furnishes the means of calling the 

chanicai force powers of coal into activity is water; two ounces of coaJ, with 
iStV£b comb^al * proper arrangement will evaporate about one pint of wate ; 
tioa of tiro this will produce 216 gallons of steam, which can exert a 
ounces of coal? mechanical force equivalent to raising a weight of 37 tons to 
the height of one foot. 

„ , ,^ It has been found by experiment that the Greatest amount 

How does the .- , . , "^ '^ ^ . , . , . 

foree of a man of force which a man can exert when applying his strength to 
^mpare with ^^ ^jggt advantage through the help of machinery, is equal to 
erated by the elevating one and a half millions of pounds to the height of 
combustion of ^^^ f^^ ^ij working on a treadmill continuously for eight 
hours. A well-construct€^ steam-engine will perform the 
same labor with an expenditure of a pound and a half of coaL 

„ ^ , The average power of an able-bodied man during his active 

Howmuchooal ,.. . r. . ^ r> ^ x ^ Z, . v 

is equivalent to hfe, supposing him to work for twenty years at the rate of 
ttie whole ac- gjgj^^ hours per day, is represented by an equivalent of about 
a man f four tons of coal, since the consumption of that amount will 

evolve in a steam-engine, fully as much mechanical force. 
The great p3rramid of Egypt is five hundred feet high, and weighs twelve 
thousand seven hundred and sixty millions of pounds. Herodotus states that 
in constructing it one hundred thousand men were constantly employed for 
twenty years. At the present time, with the consumption of 480 tons of 
coal, all the « materials could be raised to their present position from the 
ground in comparatively little time. 

wh t i th "^^ greatest work ever known to have been performed by 

greatest amount a steam-engin:^, was to raise sixty thousand tons of water a 
accompHahed'^ ^°^* ^^^ ^*^^ *^® expenditure of one bushel of coal. This 
by a steam- work was accomplished by one of the engines employed in 
«>«*"« ' the mines of Com waU, England. 

* ** Coals are by it made to spin, weave, dye, print, and dress slllcs, cottons, woolens, 
and other cloths ; to make paper, and print books upon it when made ; to convert corn 
into flour ; to express oil from the olive, *and wine from the grape ; to draw up metalis 
from the bowels of the earth ; to pound and smelt it ; to melt and mold it ; to roll it 
and fashion it into every desirable form ; to transport these manifold products of its own 
labor to the doors of those for whose convenience tiiey are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans, in opposition alike to the natural 
difficulties of wind and water ; to carry the wind-bound ship out of port, to place her on 
the open deep, ready to commence her voyage ; to transport over the surface of the sea 
and the land, persons andT information from town to town, and from country to country, 
with a speed as much exceeding the ordinary wind, as the erdinary wind exceeds that of 
a pedestrian.**— Irordn^r. 
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How li rteuB 576. Steam is rendered useful for mechaa- 

made available • i • i i • . i . ■ 

for mechaniaa ical puTposes Simply oj its pressure. or elastic 
purpo^af force. 

Steam can not, like wind and water, be made to act advantageously by its 
impulse in the open air, because the momentum of so 
light a fluid, unless generated in vast quantities, would 
be inconsiderable. The first attempts, however, to 
employ steam as a moving power, consisted in direct- 
ing a current of steam from the mouth of a tube against 
the floats or vanes of a revolting wheel 

A machine of this kind, invented more than 2,000 
years ago by Hero of Alexandria, is represented in 
Fig. 210. It consists of a small hollow sphere, fur- 
nished with arms at right angles to its axis, and whose 
ends are bent ic opposite directions. The sphere 
is suspended between two columns, bent and pointed 
at their extremities, as »*presented in the figure : one 
of these is hollow, and conveys steam from the boiler 
below, into the sphere; and the escape of the vapor 
ftom the small tubes, by the reaction, produces a rotary motion. 

In ordnr to render the pressure of steam practically availa- 
ble in machinery, it is necessary that it should be confined 
within a cavity which is air-tight, and so constructed that its 
dimensions or capacity can be enlarged or diminished without 
impairing its tightness. When the steam enters such a ves- 
sel, its elastic force pressing ag&inst some movable part, causes 
it to recede before it, and from this movable part motion is communicated to 
machinery. 

„ ^^ The practical arrangement by which such a Fia 211. 

How are these .5 r i, S • v v • u n 

conditions at- result IS accomplished is by having a hollow 

tained? cylinder, A B, Fig. 211, with a movable piston, 

D* accurately fitted to its cavity. When steam under pressure E 

in a boiler is admitted into the cylinder below the piston, it ^ 

expands, and acting upon the under surface of the piston, 

causes it to rise, lifting the piston-rod along with it 

Suppose, as in Fig. 212, the cylinder to be connected at the 

bottom or side with a pipe, R, opening into a steam boiler, and 

on the other side with a pipe, B, termuiating in a vessel of 

cold water. Suppose the valve in R to be open, and that 

in B to be shut ; steam then passing, into the cylinder firom 

the boiler will force the piston up to the top of the cylinder. 

Let the valve in R then be shut, and the valvg in B be 

opened; the steam contained in the cylinder will pass out * 

of the pipe B, and coming in contact with cold water, in 

the vessel connected with it, will be condensed, and a vacuum fota^ 



To render the 
pressure of 
steam avidla- 
ble in machin- 
ery, -what con- 
ditions are 
necessary? 
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Fia. 212. beneath the piston. The presaure o/ 

the atmoaphere then acting upon the 
other side of the piston, will drive 
it down. The position of the valves 
in R and B being reversed, the piston 
may be raised anew by the admis- 
sion of more steam, to be condensed 
ui its turn, and in this manner the 
alternate motion may be continued 
indefinitely. The alternating, or re- 
ciprocating motion of the piston, is 
converted, by means of a lever and crank attached to the top of the pis- 
ton-rod, into a rotary motion, suitable for driving-wheels, shafts^ and otier 
machinery. 

Such an arrangement as described constituted the first practical steam- 
engine. It received the name of the atmospheric engine, ft-om the feet that 
the pressure of the atmosphere was employed to press down the piston after 
it had been elevated by the steam. 

611. In modem engines, the pressure of tlie atmosphere is 
not employed to drive the piston down. The steam is ad- 
mitted into the cylinder above the piston, at the same time 
that it is condensed or withdrawn from below, and thus 
exerts its expansive force in the returning as well as in the 
ascending stroke. 

This results in a great mcrease of power. By the condensation or with- 
drawal of the steam, a vacuum is created below the piston, and the steam 
admitted into the cylinder above the piston, forces it through the vacuum 
with an ease and rapidity far greater than would be possible if atmospheric 
or other resistance were to be overcome.* 

The withdrawal or condensation of the steam, in order to produce a vacuum 
either above or below the piston, is accomplished by opening at the proper 
time a communication between the cylinder and a strong vessel situated at a 
distance from it, called the condenser. Into this vessel a jet of cold water is 
thrown, which instantly condenses the steam, escaping fi:om the bottom of the 
cylinder, into water. » 



What ifl the 
oonstniction 
and operation 
of a condens- 
ing fteam-en- 
gineP 



* " A proof of the extraordinary power obtained in this way, through the oombnstion 
•f foel, is presented in the following calculations:— One cubic inch of water is conrerti- 
Ue into steam, of one atmospheric pressure by 15| grains of coal, and this expansion of 
the water into steam is capable of raising a weight of one ton the height of a foot. Ths 
one cubic inch of water becomes very nearly one cubic foot of steam, or 1,728 cubic inchea 
When a vacuum is produced by the condensation of this steam, a piston of one square 
inch surface, that may have been lifted 1,728 inches, or 144 feet, will fall with a velocity of a 
heavy body rushing by gravity down a perpendicular height of 15^,600 feet This would 
give the falling body a velocity, at the termination of its descent, equal to 1,800 feet per 
second, greater than that of the transmission of sound. Prom this we can form some 
estimate of the strength of the tempest which alternately blows the piston in its cylinder, 
when elastic steam of high-pressore is employed."— /Vo/. H. D. Rogers, 
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A etoam-engiDe of this charBetec is called a condensing steam-engine, bo- 
cause the steam which has been employed in raising or depressing the piston 
is condensed, after it has accomplished its object, leaving a vacuum above or 
below the piston. It is also cadled a low-pressure engine, because, on ac- 
count of the vacuum which is produced alternately above and below the 
piston, the steam, in acting^ does not expend any foroe in overcoming the 
pressure of the atmosphere. Steam, therefore, may be used under such condi- 
tions of low expansive force, or, as it is technically called, of " low-pressure." 

The practical construction of the 
piston and cylinder, and the ar- PiG. 213. 

rangement of connecting pipes by 
which the steam is admitted alier- 
nately above and below the piston, 
is fully shown in Fig. 213. The 
valves, which are of various forms, 
are connected by levers with the 
machinery, in such a way as to 
open and dose with great ac- 
curacy at exactly the proper mo- 
ment 

•«n. *i VI V STS. In some 

what is a hlgh- 

preesure en- engines, the appa- 

^°® ' ratus fOT condens- 

ing the steam alternately above 
or below the piston, is dispensed 
with, and the steam, after it has 
moved the piston from one end of 
the cylinder to the other, is al- 
lowed to escape, by the opening of 
a valve, directly into the air. To 
accomplish this, it is evident that 
the steam must have an elastic 
force greater than the pressure of 
the atmosphere, or it could not 
expawL and drive out the waste 
Bteam on the other side of the piston, m opposition to the pressure of the ain 
An engine of this character is accordingly termed a "high-pressure" engine. 

High-pressure engines are generally worked with a pressure of fh)m fifty 
to sixty pounds per square inch of the piston ; of this pressure, at least fifteen 
pounds must be expended in overcoming the pressure of the atmosphere, and 
the surplus only can be applied to drive machinery. 

One of the most familiar examples of a high pressure engine is the loco- 
motive used on railroads. The steam which has been employed in forcing the 
piston in one direction is, by the return movement of the piston, forced out of 
the cylinder into the smoke-pipe, and escapes into the open air with irregular 
puffs. 




THE SnSAH-EKGINE. 255 

y^x^ ^ High-pressure engines are generally used in all situations 

mdvantagcsand wheie Simplicity and lightness are required, as in the case of 
of^^HPrSaih *^® locomotive; also in situations where a free supply of 
ure engines? water for condensation can not be readily obtamed. As they 
use steam at a much higher pressure than the condensing en- 
gines, they are more liable to accidents arismg from explosions. High-press-* 
ure engines are less expensive than low-pressure, since all the apparatus for 
condensiug the steam is dispensed with, the only parts necessary being the 
boiler, cylinder, piston, and valves. 

^^ 579. It is not necessary in the steam-engine that the steam 
saidtobensed should flow continuously from the boiler into the cylinder 
ezpansireiyf during the whole movement of the piston, but it may be cut 
off before it has fuUy o(mipleted its ascent or descent in the cylinder. The 
steam already in the cylinder immediately expands, and completes the move- 
ment already begun, thus saving a considerable quantity of steam at each 
movement • Steam employed in this way is said to be used expansively. 

To cany out this plan to the best advantage, the 
expansive force of the steam must be greatly in- 
creased by working it under a high pressure. 
_ , ^, 580. In many engines the supply 

tion of steam- of steam to the cyhnder is regu- 
^taes rega- j^^ |jy ^n apparatus called the 
Governor. This consists, as is rep- 
resented in Fig. 214, of two heavy balls, C and C, 
connected by jointed rods, D D', with a revolvmg 
axis. A. When the axis is made to revolve rap- 
idly, the centrifugal force tends to make the balls 
diverge, or separate from one another in the same 
manner as the two legs of a tongs will fly apart 
when whirled roimd by the top. This divergence 
draws down the jointed rods, but a slower motion of the axis causes the 
balls, on the contrary, to approach each other, and thus push them up« 
These movements of tfa^ointed rods in turn raise or lower the end of a bar, 
E, which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder — ^thus preserv- 
ing the motion of the engine uniform. 

In stationary engines, also, a large and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move uninterruptedly, even if tha 
pressure of steam be less at one point than at another * 

* Fig. 215 iOostrateB the principal parts of a condensing steam-engine and its mode of 
action. • 

Upon fheleftof the'flgnreis the cylinder, wMeh receives the steam from the boiler. 
A part of the dde of the cylinder is cut away in order to show the piston, which mores 
alternately np and down according as the steam is admitted above or bdow it. By the 
rod A the piston tran :mit8 its alternating morements to the walking-beam, L, which is an 
enormoQB Icrer accurately balanced en its center, and supported by four columns. The 
walking-beam, L, communicates its motion by means of a connecting-rod, I, to theerank. 
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FlO. 215. 




581. Steam-boilers, which, althougfa seoessarj to the generatka of the 
power, are quite independent of the engine, are conHtnicted of thick sheets 
of iron or copper, strongly riveted together. ^ 

K, by which a rotary mpvement is communicated to thp wheel, Y ; from this the power 
may be applied by other wheels, or by bands and pulleys, to effect different operations. 

At the left of the cylinder is an arrangement of yalves and pipes, by which the steam is 
allowed to act alternately abore and below the piston. Aftp-r the steam has completed its 
action by forcing the piston to the extremity of the cylinder, it is necessary that it should 
be withdrawn, and a racuum formed in its place. In order t^ accomplish this, the steam, 
after having acted, is caused to pass into the cylinder, O, wliich contains cold water, and 
is termed the condenser. Here it is condensed, and a vacuum formed in the cylinder 
above or below the piston, as the case may be. « 

As the cold water of the condenser becomes quickly heated bv the condensed stoam 
withdrawn from the cylinder, it becomes necessary to constantly withdraw the hot water 
and replace it by cold water, in order that the condensation of the steam may take place 
as rapidly as possible. This is effected by means of two pumps ; the one, F M. which is 
called the ** air-pump," which withdraws the hot water from the condenser, and with it 
any air that may be present cither in the cylinder or the condenser ; the other/ H B, 
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,^ ^ ,^ The essential requisites of a steam-boiler are, that it should 

What are the «,..?■ ^. ^ • ^ ^i. . i . i 

essential req- poBsess sufficient Strength to resist the greatest pressure which 

st^mtboU ? ^ ®^®^ Kable to occur &om the expansion of the steam, and 
that it should offer a sufficient extent of sur&oe to the fire 
to insure the requisite amount of vaporization. In common low-pressure 
boilers, it requires about eight square feet of surface of the boiler to be ex* 
posed to the action of the fire and flame to boil off a cubic foot of water in an 
hour; aDd a cubic foot of water in its conrertioQ mto steam equals one- 
horse power. 

The strongest form for a boiler, and one of the earliest which was used, is 
that of a sphere; but this form is the one which offers least surface to tbe 
fireu The figure of a cylinder is on many accounts tlie best, and is now ex- 
tensively used, especiaUy for engines of high-pressure. It has the advantage 
of being easily constructed firom sheets of metal, and the form k of equal' 
strength except at the enda In such a boiler the ends should be made 
thidEer than the other part& 

eaUed the ** cold-water pnmp/* drami from a veil or rfrer the cold water to mpply the 
place ot the heated water withdrawn from the condenser hy the air-pnmp. There is also 
a third pnmp, O Q, which is called the ** supply*' or '* feed-panip," because it pumps into 
the hoUer the hot water which the air-pnmp withdraws from the condenser, thus econ- 
omizing the consumption of f ueL 

The various parts of the engine (as shown in Fig. 215) are fflnstrated In detaQ by the 
fbUowlng descriptive explanation ;•— 

- A — ^Fiston-rod connected with the walking-beam, and transmitting to it the alternating 
movement of the piston. 

B, C, D, E— Arrangements of levers and Joints, intended to guide and preserve the pis- 
ton-rod A in a perfectly rectilinear track during its up-and-down movements. 

F — Arm or rod of the air-pump, which removes the hot water and air from the con- 
denser. 

G — Rod of the ** supply** or " feed-pump,** which supplies to. the boiler the hot water 
withdrawn from tbe condenser. 

H — Rod of the cold-water pump, which supplies the cold water necessary for eon« 
dflisatlon. 

I— ConneetiDg-rod, which transmits the motion of the walking-beam, L, to the crank, K. 

M — Cylinder of the air-pump in communication with the condenser, O. 

O— Condenser filled with cold water, in which the steam after acting upon the piston is 
condensed. * 

P — Piston, movable in the cylinder ; it receives directly the pressure of the steam upon 
the upper and lower surface alternately, and transmits its movements by means of Uie rod 
A to tJie rest of the machinery. 

ft— Pipe conducting the hot water withdrawn firom the condenser to the boiler. 

T— Pipe discharging the eold water from the cold-water pump into the condenser, O. 

tJ — Pipe conducting the steam from the cyUnder, after it has acted upon the piston, into 
the condenser. 

V— Fly-wheel. 

Z — Cocnecting-rod, which transmits the movements of the eccentric, e, through the 
lever, Y, to the valves, b. The eccentric is a wheel fixed upon the crank-shaft, as seen 
at e. It is called an eccentric from the circumstance of the wheel not being concentric, or 
having a common center with the crank-shaft upon which it is fixed. It becomes, there- 
fore, a substitute for a short crank, and transmits a reciprocating movement to the rod 
Z, which is connected with the valves at b by the lever Y. These valves being altemately 
epened and closed by the movement of the rod Z, admit the steam alternately above or 
below tbQ pititoa 
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What is the 
oonstraction of 
s flae-boiler? 




A very great improvement was Fia. 216. 

effected in the construction of steam- 
boilers by placing a cylindrical fop- 
nace within a cylindrical boiler, thus surrounding the 
heated surfaces with water upon all sides. By this 
method, all the heat, except what escapes up the 
chimney, is communicated to the water. Such boilers 
are known as " flue-boilers." Their general form and 
plan of construction are represented in Fig. 216. 
What r th '^^^ requirements of a boiler suit- 

pecniUaritleaof able for a locomotive are, that 

the greatest possible quantity of water should be evapor- 
ated with the greatest rapidity in the least possible space. 
The quantity of fuel consumed is a secondary consideration, as this can be 
carried in a separate vehicle. The principle by which this has been accom- 
plished, and the invention of which may be said to have made the present 
railway sjrstem, consists m canying the hot product of the fire through the 
water in numerous small parallel flues or tubes, thus dividing the heated 
matter, and as it were filtering it through the water to be heated. In this 
manner the surfeces, by which the water and the heating gases communicate, 
are immensely increased, the whole having a resemblance to the mechan- 



locomotiTe- 
hoUer? 



Fig. 217. 



ism of the lungs of animals, in 
which the air and the blood are 
divided and presented to each 
other at as many points, and 
with as little intervening matter 
between them, as is consistent 
with their separation. Fig. 217 
represents the interior of the fire- 
box of a locomotive, showing 
the opening of the tubes, which 
extend through the whole length 
of the boiler, and are surrounded 
with water. The smoke and 
other products of combustion pass 
through these tubes, and finally 
escape up the smoke-pipe. It 
will be fur&er observed by the 
examination of the figure that 
the fire-box is double-walled, or rather walled and roofed with a layer of 
water, leaving only the bottom vacant, which receives the grate-bars. 

582. The safety-valve is generally a conical lid fitted 

safetj-valve. ^^ ***® boiler, and opening outward; it is kept down by a 

weight, acting on the end of a lever, equal to the pressure 

which the boiler is capable of sustaining without danger fi*om the steam 

generated within. If the amount of steam at any time exceeds the pressure^ 
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Fig. 218. 




How does a 
diminution of 
▼ater in boil- 
era often oc- 
casion ex|do- 
sionsf 



it overcomes the resistaiice of 
the weiglit, lifts the valve, and 
allows the steam to escape. 
When sufficient steam has 
escaped to diminish the pres- 
sure, the valve fitUs back into 
its place, and the boiler is as 
tight as if it had no sudi opening. 
Fig. 218 represents the ordinary construction of the safety-valve. 

583. The explosion of steam-boilers, when the safety-valv» 
is in good condition and working order, is sometimes inex- 
plicable ; but explosions often result from the engineer allow- 
ing the water to become too low m the boUers. When tliis 
occurs, the parts <^ the boiler which are not oovefed with 
water, and are exposed to the fire, become highly overtieated. XiJ in this 
condition, a fresh supply of water is thrown into the boiler, it comes suddenly 
into contact with an intensely-heated metal surface, and an immense amount 
of steam, having great elastic force, is at once generated. In this case the 
boiler may burst before the inertia of the safety-valve is overcome, and the 
stronger the boiler the greater the explosion. 

What is a ^^ ^® degree of pressure which the steam exerts upon 
Bteam-g^nage? the interior of the boiler, and which is consequently avail- 
able for working the engine, is indicated by means of an instrument called 
the ^' steam" or *' barometer-guage." It 
consists simply ci a bent tube. A, C, D, 
E, Fig. 219, fitted into the boiler at one 
end, and open to the air at the other. 
The lower part of the bend of the tube 
contains mercury, which, when the pres- 
sure of steam in the boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H R, in both legs 
of the tube. When the pressure of the 
steam is greater than that of the atmos- 
I^ere^ the mercury is depressed in the 
leg D, and elevated in the leg D E. A 
scale, G, is attached to the long arm of 
the tube, and by observmg the difference 
of the levels of the mercury in the two 
tubes» the pressqre of the steam may 
be calculated. Thus, when the mercury is at the same level in both 
legs, the pressure of the steam balances the pressure of the atmosphere, 
and is therefore 15 pounds per square inch. If the mercury stands 30 
io<>hes higher in the long arm of the tube, then the pressure of the steam 
is equal to that of two atmospheres, or is 30 pounds to the square inch, and 
.60 on. 



Fig. 219. 
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j_ . . As the pressure »f steam increases with its temperature, the 

pressure of pressure upon the interior of the boiler may also be known by 

dteated ^^by'^a ™®^^ ^^^ thermometer mserted into the boiler. Thus it ha» 

thermometer? been ascertained that steam at 212^ balances the atmosphere, 

or exerts a pressure of 15 pounds per square inch ; at 250®, 

30 pounds; at 275°, 45 pounds; at 294°, 60 pounds, and so on. 

^ _,^ ^, 586. The steam-whistle attached to locomotive and other 

Describe the . . , , , . ., . . * « 

steam-whistle, engines is produced by causmg the steam to issue from a 

narrow circular slit, or aperture, cut in the rim of a metal cup; 

directly over this is suspended a bell, formed like the bell of a clock. Tho 

steam escaping from the narrow aperture, strikes upon the edge or rim of the 

bell, and thus produces an exceedingly sharp and piercing sound. The size 

of the concentric part whence the steam escapes, and the depth of the ball 

part^ and their distance asunder, regulate the tones <^ the whistle from a 

shrill treble to a deep hass. 



SECTION y. 

WAEMINa AND YBNTILATION. 

Upon what 586. In the warming and ventilation of 

thl"'^armin2 tuildings, the entire process, whatever expe- 
Sf '^''baudto^ dients may be adopted, is dependent upon the 
depend? expansion and contraction of air ; or in other 

words, upon the fact that air which has been heated and 
expanded ascends, and air which has been deprived of 
heat, or contracted, descends. 

What is Ten- 587. Vcntilatiou is the act or operation of 
tiiation? causing air to pass through any place, for the 
purpose of expelling impure air and dissipating noxious 
vapors. 

The theoretical perfection of ventilation is to render it impossible for any 
portion of air to be breathed twice in the same place. 

.^^ In the open air, ventilation is perfect, because Uie breath, at 

tiiation perfect? it leaves the body, is warmer and lighter than the surround- 
ing fresh air, and ascending, is immediately replaced by an 
ingress of firesh air ready to be received by the next respu^ation. 
Why is air Common air consists of a mixture of two gases, oxygen and 
onoe respired nitrv^n, in the proportion of one fifth oxygen to four fifths 
unwholesome f nitrogen. By aU the forms of respiration or breathing, and 
of combustion, the quantity of oxygen in atmospheric air is diminished and 
impaired, and to exactly the same extent is air rendered unwholesome and 
unsuitable to supply the wants of the animal systeoL 
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B, ^ much 
frft-^ jdr is re- 
quired ^«er hour 
by a btjalthy 
man? 



Fig. 220. 



placed 
floor? 



rthe 



It is calculated that a full-grown person of average size ab- 
sorbs about a cubic foot of oxygen per hour by respiration, 
and consequently renders five cubic feet of air unfit for breath- 
ing, since every five cubic feet of air contain one cubic foot of 
oxygen. It is also calculated that two wax or sperm candles 
absorb ad much oxygen as an adult. 

To render the air of a room perfectly pure, five cubic feet of fi^sh air per 
hour, for each person, and two and a half cubic feet for each candle, should 
be allowed to pass in, and an equal quantity to pass out. 

In what m«n. ^88. From every heated substance, an up- 

Sd'^^bSiSi^ ward current of air is continually rising. 

TO^S^?"' ^*^® existence and force of this upward current may be 
shown in the case of an ordinary stove, by attaching to the 

ade of the pipe a wire on which a piece of thick paper cut in the form of a 

spiral is suspended, as is represented in Fig. 220. The 

upward current of hot air striking against the surfaces 

of the coQ causeu it to revolve rapidly around the wire. 

Why are stoves -^.part fi*om the consideration of con- 

«nd grates venience, it is necessary that stoves and 
gi-ates, intended for warming, should be 
loi;ated as near to the floor of the room 

as possible ; since the heat of a fire has very little ef- 

lect upon the air of an apartment below the level of 

the surface upon which it is placed. 

Why does ^^^' ^'hen a fire is lighted in a stove 

■moke ascend or grate to warm a room, the smoke 

in a chimney ? ^^^ ^^^^^ gaseous products of combus- 

Fio. 221. tion, being lighter than the air of the room, 

ascend, and soon fill the chimney with a 
column of air lighter, bulk for bulk, than 
a colunm of atmospheric air. Such a col- 
umn, therefore, will have a buoyancy 
proportional to its relative lightness, as 
compared with the external air and the 
air of the apartment 

The upward tendency of a column of 
heated air constitutes the draft of a chim- 
ney, and this draft will be strong and eP 
fective just in the same proportion as tha 
column of air in the chimney is kept 
warm. 

Fig. 221 represents a section of a grate 
and chimney. C D represents the light 
and warm column of air within the chim- 
ney, and A B the cold and heavy column 
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of air outside the chimney. The oolumn A B being cold and heavy preasett 
down, the column G D being light and warm rushes up, and the greater the 
difference between the weight of these two oolunms, the greater will be the 
draft. 

A chimney quickens the ascent of hot air by keeping a long 
chimnoTquick- cdumn of it together. A column of two feet high rises, or is 
en the Mo«nt pressed up, with twice as much force as a column of one 
hot air? f<^^> ^^ BO in proportion for all other lengths — -just as two 

or more corks, strung together and immersed in water, tend 
upward with proportionably more force than a single cork. 

In a chimney where a column of hot air one foot in height is one ounce 
lighter than the same bulk of external cold air, if the chimney be one hun- 
dred feet high, the air or smoke in it is propelled upward with a force of one 
hundred ounces. 

To what la the ^^ ^^^ ^^^ ^^ Sufficiently hot, the draft of 
cM^ney^'pn/! *^® chimney will be proportional to its length, 
portionair p^j. ^^jjjg j-eason, the chimneys of larg^ manufacturing estab- 

lishments arc generally very high. 

How should s A chimney should be constructed in such 
Mut^oed? a way that the flue or passage will gradually 
contract from the bottom to the top, being widest at the 
bottom, and the smallest at the top. 

__ , The reason of this will be evident fipom the following con- 

chimney he siderations: — At the base of the chimney, the hot column of 
SiiSinSS-J" expanded air fills the entire passage ; but as the hot air 
ascends it g^dually cools and contracts, occupying less space. 
I^ therefore, -the chimney were of the same size all the way up, the tendency 
would be, that the cold external air would rush down to fill up the space left 
by the contraction of the hot column of air. This action would still further 
cool the hot air of the chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
at the bottom, because a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, is owing, in great 
part, to the action of currents in the air, and to the fact, that a column of 
smoke freely exposed to the air, is more rapidly cooled than in a chimney, 
and losing its ascensional power, tends to float out laterally, rather than 
ascend perpendicularly. 

The causes of " smoky chimneys" are various. 
droumstenSi* A chimney may smoke for want of a sufficient supply of 
wUi a chimney air. If the apartment is very tight, fresh air from without 
■™® ® will not be admitted as fast as it is consumed by the fire, and 

in consequence a current of air rushes down the chimney to supply the defi- 
ciency, driving the smoke along with it. 

A ohinmey will often smoke when the heat of the fire is not sufficient to 
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rarefy all the air in the chimney ; in such cases the cold air (condensed in the 
upper part of the flue) will sink from its own weight, and sweep the ascend- 
ing smoke back into the room. 

When the fire is first lighted, and the chimney is filled with cold air, there 
is often no draft, and consequently the flame and smoke issue into the room. 
This, in most cases, is remedied by the action of a "blower." 

A blower is a sheet of iron that stops up the space aboyo 
IseofaWowwr? *^® 8™*© ^MffS, and prevents any «r fiim entering the chim- 
ney except that whk^ passes through the fuel and produces 
combustion. This soon causes the column of air in the chimney to become 
heated, and a draft of considerable force is speedily produced through the 
fire. The increase of draft increases the intensity of the fire. 

Another frequent cause of smoky chimneys is, that when the tops are 
commanded by higher buildings, or by a hill, the wind in blowing over them, 
&lls like water over a dam, and beats down the smoke. The remedy in such 
cases ^is, either to increase the height of the chimney, or to fix a bonnet or 
cowl upon the top. The philosophy of this last contrivance consists in the fact 
that in whatever direction the wind blows, the mouth of the chimney is 
averted from it 

In a room artificially heated, there are al- 

What is the ^ J. o - i? U i. • XI 

motion of the ways two currents of air ; one oi not air now- 
ardfidaSyhea^ Ing out of the Toom, and another of cold air 
flowing into the room. 

If a candle be held in the doorway of such an apartment, near the floor, it 
will be found that the flame will be blown inward ; but if it be raised nearly 
to the top of the doorway, the flame will be blown outward. The warm air, 
in this case, flows out at the top, while the cold air flows in at the bottom. 

590. An open fire-place differs greatly firem a close stove 
stove differ in respect to ventilation, inasmuch as the former warms and 
fr*>™ *" op«^ ventilates an apartment, while the latter only warms, and can 
respect to yen- hardly be said to contribute at all to the ventilation. In a 
tiiation? ^^o^q stove, no air passes through the room to the flue of 

the chimney, except that which passes through the fuel, and the quantity 
of this is necessarily limited by the rate of combustion maintained in the 
stove. In an open fire-place, a large amount of air is continually rushing up 
the chimney through the opening over the grate, irrespective of what pajaaea 
through the fire and maintains combustion. 

In summer time, when no fire is made in the chimney, the column of air 
in it is generally at a higher temperature than the external au*, and a current 
will therefore in such case be established up the chimney, so that the fire* 
place will still serve, even in the absence of fire, the purposes of ventilation. 
IiTvery warm weather, however, when the external air is at a higher tem- 
perature than the air within the building, the eflfects are reversed ; and the 
air in the chimney being cooled, and therefore heavier than the external air, a 
downward Ofurrent is established, which produces in the room the odor of soot 
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Fig. 222 represents the lines of the currents descend- 
ing tfaQ chimney and circulating round an apartment 
How it a room '^ ''^^™ ^ ^®^ ventilated by opening 



Fia. 222. 



best 
ed? 



yentllat- 



Why are open 
fire-plaoea ill 
adapted for 
heating ? 




the upper sash of a window ; because 
the hot vitiated air (which always as- 
cends toward the ceiling) can thus escape more easily. 
If the lower sash of the window be also partially opened, 
a corresponding current of cold air, flowing into the 
room, is created, and ventilation will be so eflfected more 
perfectly. 

Open fire-places are ill adapted for the 
eoonomical heating of apartments, be- 
cause the air which flows from the room 
to the flre becomes heated, and passes 
off directly into the chimney, without having an oppor- 
tunity of parting with its heat for any useAil purpose. 
In addition to this, a quantity of the air of the room, 
which has been warmed by radiation, is uselessly carried 
away by the draft. | 

The advantages of a stove over an 
advantages and Open fire-place are as follows: 
^MdvantoiJes 1. Being detached fix)m the walls of j 

the room, the greater part of the heat 
produced by combustion is saved. The radiated heat 
being thrown into the^walls of the stove, they become hot, and in turn radi- 
ate heat on all sides of the room. The conducted heat is also received by 
successive portions of the air of the room, which pass in contact with the 
etove. 

2. The air being made to pass through the fiiel, a small supply is suffi- 
cient to keep up the combustion, so that little need be taken out of the 
room; and 

3. The smoke, in passing off by a pipe, parts with the greater part of its 
heat before it leaves the room. 

Houses warmed by stoves, as a general rule, are ill-ventilated. The air 
coming in contact with the hot metal surfaces is rendered impure, which im- 
purity is increased by the burning of the dust and other substances which 
settle upon the stove. The air is, in most cases also, kept so dry as to ren- 
der it oppressive. 

591. The method of warming houses by the common hot* 
air furnace is as follows : — A stove, having large radiating sur- 
faces, is inclosed in a chamber (generally of masonry). This 
chamber is ft^quently built with double walls, that it may be 
a better non-conductor of heat A current of air fit)m with- 
out is brought by a pipe or box, and delivered under the stove. A part of 
this air is admitted to supply the combustion ; the rest passes upward in the 
cavity between the hot stove and the walls of the brick chamber, and, after 
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becoming thoroughly heated, i^ conducted through passages in which itslight- 
nfctfS causes it to aacend, and be delivered in any apartment of the house. 
What two ^^ *^® construction and arrangement of a furnace for heat- 

points are of ing, the two points of special importance are, to se'cure a per- 
ancefntS^nl ^^^* combustion of the fuel, and the best possible transmission 
■traction of for- of all the heat formed, into the air that is to pass int6 the 
***^ ' rooms of the house. 

The first of these requisites is obtained by having a good draft and a fire- 
box which is broad and shallow, so that the coal shall form a thin stratum 
Jmd burn most perfectly. 

The second requisite is obtamed by providing a great quantity of surface 
*u the form of pipes, drums, or cylinders, through which the smoke and hot 
gases must pass on their way to the chimney, and to which their heat will be 
imparted, to be in turn delivered to the cold and pure air of the rooms of 
the house. 

What ia th ^^^* "^^ ^** advantages of heating by steam are, that 

advantage of the heat can be communicated for a great distance in any di- 
a^unf ^^ rection — ^upward, downward, or horizontally. As the tem- 
perature of the heating surfaces, when low-pressure steam is 
used, never exceeds 212® P., the air in contact with them is never contami- 
nated by the burning of dust, or the abstraction of oxygen. 

Under favorable drcumstanoes, one cubic foot of boiler will heat about 
two thousand cubic feet of suitably inclosed space to a temperature of 70® to 
80® R 

Whatiafiiel? ^^^' ^® ^VV^J *^® *®''°^ ^"^1 *^ ^^7 ^^^ 

stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
fltance of plants, or the products resulting from their de- 
composition, designated under the various names of wood, 
coal, &c. 

,^j^ ^ In recently cut wood, fh>m one fifth to one half of its weight 

tion of the is water ; after wood has been dried in the air for ten or 
SUSer?^***^ twelve months, it wiU even then contain fi-om 15 to 26 per 
cent, of water. 
The amount of moisture m wood is greatest m the spring and summer, whea 
the sap flows freely and the influence of vegetation is the greatest Wood, 
therefore, is generally cut in the winter, because at that season there is bafe 
little sap in the tissues, and the wood is drier than at any other period. 

Woods are designated as hard and sofU This distinction is 
dSi^^**^a.* grounded upon the facility with which they are worked, and 
hard and ■oftf ^pQu ^gij power of producing heat. Hard woods, as the 
oak, beech, walnut, elm, and alder, contain in the same bulk more solid fiben 
and their vessels are narrower and more closely packed than those of the 
Bofler kinds, such as pine, larch, chestnut^ etc. 

.12 
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What it the 594^ The weight of wood varies greatly ; 
wdiht^?wSodT froD^ forty-four hundred pounds in a cord of 
dry hickory, to twenty-six hundred in a cord 
of dry, soft maple. 

What is the 595. For fuel, the most valuable of the com- 
5?2irS^TOd Dion kinds of wood are the varieties of hickory; 
for fuel? a^ftgj jjijat, ij^ order, the oak, the apple-tree, 

taj white-ash, the dog-wood, and the beech. The woods 
f iiat give out the least heat in burning are the white-pine, 
the white-birch, and the poplar. 

T ,^ .. . , 696. The remark is sometimes made that " it is economy to 

Is It profitable , , . . , , , , « 

to bam green bum green wood, because it is more durable, and therefore 
wood? jjj ^jjQ gjj^ m^jjQ cheap." This idea is erroneous. The con- 

sumption of green wood is less rapid than diy, but to produce a given amount 
of heat, a far greater amount of fuel must be consumed. 

The evaporation of liquids, or their conversion into steam, consumes or ren- 
ders latent a great amount of caloria When green wood or wet coal is added 
to the fire, it abstracts from it by degrees a sufficient amount of heat to coo- 
vert its own sap or moisture into steam before it is capable of being burned. 
As long as any considerable part of this fluid remains unevaporated, the 
combustion goes on slowly, the fire is dull, and the heat feeble. 

eoai ^^'^' ^^^ *'*^- ^^""^ wood are not readily ignited by th« 
and hard woods blaze of a match, because on account of their density they are 
nite^'^with *^» rendered comparatively good conductors, and 'thus carry off 
match? the heat of the kindling substance, so as to extinguish it, 

before they themselves become raised to the temperature 
necessary for combustion. 

Light fuel, on the contrary, being a slow conductor of heat, kindles easily, 
and, from the admixture of atmospheric air in its pores and crevices, bums 
out rapidly, producing a comparatively temporary, though often strong heat 



CHAPTER XIII. 

METEOROLOGY. 



What fa Me- ^98. Meteorology is that department of 
teoroiogyf physical science which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 

699. By climate, we mean the condition of a place in 
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a Tuit do we relation .to the various phenomena of the at- 
teS*cikLtef* mosphere, as temperature, moisture, etc. Thus, 
we speak of a warm or cold climate, a moist 
or dry climato, etc. 

Hotr IB the 600. The mean or average temperature of 
JltalJf^f!^" ^^^ d^y ^8 found by observing the thermometer 
found? g^^ gxed intervals of time during the twenty- 

f ^ur hours, and then dividing the sum of the tempera- 
tures by the number of observations. 

. u t ti From such a series of observations it has been found that 

is the tempe- the lowest temperature of the day occurs shortly before sun- 
dayUiehtehSlJ "^» ^^ *^® highest a few hours after 12 at noon, somewhat 
and lowest? later in summer and somewhat earlier in winter. 

The mean annual temperature Qf any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean daily temperature of any place seems to vary in a regular and 
constant manner, while the mean annual temperature of the same location is 
yery nearly a constant quantity. Thus, by long observations made in PhU- 
adelphia, it has been found that the mean daily temperature of that locality is 
one degree less than the temperature at 9 o'dock, a. h., at the same place ; 
while the mean annual temperature of Paris varied only 4? in thirteen years. 
. All the results of observation seem to show that the same quantity of heat 
is always annually distributed over the earth^s sur&oe, although unequally — 
that is to say, the average annual temperature of each place upon the earth's 
surface is very nearly the same. In our latitude, July is on the average the 
hottest month, and January the coldest ; and in reference to particular days, 
we may on an average consider the 26th of July as the hottest, and the 14th 
of January as the coldest day of the year for the temperate zone of the north- 
em hemisphere. 

How does tern- The avcragc annual temperature of the at- 
S^S^'Sj toS mosphere diminishes from the equator toward 
^^^^ either pole. 

At the equator, in Brazil, the average annual temperature is 84° Fahren- 
heit's thermometer ; at Calcutta^ lat 22° 35' N., the annual temperature is 
^8o F. ; at Savannah, lat 32° 5^ N. the annual temperature is 65° F. ; at 
London, bt 51° 31' N., the annual temperature is 50o F. ; at Melville 
Island, lat '74® 47' N., the average annual temperature is 1° below zero. 
■««. * X x^ 601. If the whole sur&oe of the earth were covered by 

temperature of water, or if it were all formed of sohd plane land, possessing 
S^^tiSa* flame everywhere the same character, and having an equal ca- 
latitade aJSU f padty at aU places for absorbing and again radiating heat^ th9 
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temperature of a place would depend only on its geographical latitude, and 
consequently all places having the same latitude 'would have a like climate. 
Owing, however, to various disturbing causes, such as the elevation and form 
of the land, the proximity of the sea, the direction of the winds, etc., places 
of the same latitude, and comparatively near each other,^ve very different 
temperatures. 

In warm climates the proximity of the sea tends to diminish the heat; in 
oold climates, to mitigate the cold. Islands and peninsulas are wanner than 
continents ; bays and inland seas also tend, to raise the mean temperatures 
Chains of mountains which ward off oold winds, augment the temperature^ 
but mountains which ward off aouth and west winds, lower it A sandy aoil, 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporation. 

602. Air absorbs moisture at all tempera* 
eapaeifcy of air tures, and retaios it in an invisible state, 
or mo fcure This power of the air is termed its capacity 
for absorption. 

The capacity of air for moisture increases with the tem- 
perature. 

A volume of air at 32** can absorb an amount of moisture equal to the hun- 
dred and sixtieth part of its own weight, and for eveiy 27 additional degrees 
of heat, the quantity of moisture it can absorb at 32° is doubled. Thus a body 
of air at 32® F. absorbs the 160th partof its own weight ; at 59«» P., the 80th; 
at 86® F., the 40th ; at 113® F., the 20th part of its own weight in moisture. 
It follows from this that while the temperature of the air advances in an arith- 
metical series, its capacity for moisture is accelerated in a geometrical series. 

When isaii- -^.ir 18 Said to be saturated with moisture 
Stod?^'**'^* when it contains as much of the vapor of water 
as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sui^ 
face dries rapidly ; and that it is damp when moistened surfaces dry slowly, 
or not at all, and the slightest diminution of temperature occasions a deport 
of moisture in the form of mist and rain. These expressions do not, however, 
convey altogether a correct idea of the condition of the atmosphere, since air 
which we term " dry," may contain much more moisture than that which we 
distinguish as " damp." For indicating the true condition of the atmosphere 
in reference to moisture, we therefore use the terms " absolute" and " relative" 
humidity. 

When we speak of the absolute humidity of the ur, we 

by absoiuteand ^*^® reference to the quantity of moisture contained in a given 

rttiative humid- volume. By relative humidity, we refer to its proximity to 

saturation. Relative humidity is a state dependent upon the 

mutual influence of absolute humidity and temperature ; for % given volume- 
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of air may be made to pass from a state of dampneaa to one of extreme dry- 
ness, by merely elevating its temperature, and this, too, without altering the 
amount of moisture it contains in the least degree. 

What are Hy- Instruments designed for measuring the 
grometera? quantity of moisture contained in the atmos- 
phere, are called Hygrometers.* 

tr hat Many organic bodies have the property of absorbing vapor, 

prindpitf are and thus increasing their dimensions. Among such may be 
•oMSuct^ mentioned hau-, wood, whalebone, ivory, etc. Any of these 
connected with a mechanical arrangement by which the 
change in volume might be registered, would ftimish a hygrometer. 

A large sponge, if dipped in a solution of salt, potash, soda, or any other 
substance which has a strong attraction for water, and then squeezed almost 
dry, will, upon being balanced in a pair of scales suspended from a steady 
support, be found to preponderate or ascend according to the relative damp- 
ness or dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it twists 
around, during atmospheric changes from dampness to dryness. 

If we fix against a wall a long piece of catgut, and hang a weight to the 

end of it, it wiU be observed, as the air becomes moist or dry, to alter in 

length ; and by marking a scale, the two extremities of which are determined 

by observation when the air is very dry, and when it is saturated with moist' 

ure, it will be found easy to measure the variations. 

^ .^ ^, An Instrument called the "Hair Hygrom- 

Describe the ^ „ . ^ ^ ^i . . . , ^. 

" Hair Hy- eter," IS constructed upon this prmciple. It 

giometer." consists of a human hair, fastened at one 

extremity to a screw (see Fig. 223), and at the other pass- 
ing over a pulley, being strained tight by a alk thread and 
weight, also attached to the pulley. To the axis of the 
pulley an index is attached, which passes over a graduated 
scale, so that as the pulley turns, through the shortening or 
lengthening of the hair, the index moves. When the in- 
strument is in a damp atmosphere, the hair absorbs a con- 
siderable amount of vapor, and is thus made longer, while 
in dry air it becomes shorter; so that the index is of 
course turned alternately fVom one side to the other. 

The instrument is graduated by first placmg it in aur ar- 
tificially made as dry as possible, and the pomt on the 
scale at which the index stops under these circumstances, 
is the point of greatest dryness, and is marked 0. The 
hygrometer is then placed in a confined space of air, which 
is completely saturated with vapor, and under these cir- J/ 
cumstances the index moves to the other end of the scale : 
this point, which is that of greatest moisture, is marked 

• Hygrometer, from the Greek words vypng (moist) and nsrpn' (measure). 
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100. The intenrebiiig space is then divided into 100 equal partu, wbicli 
indicate diffetent degrees of moisture. 
Such hygrometers are not^ however, considered as altogether reliable. 

SECTION I. 

PHBNOHBNA AND PBODUCTIOK OF DEW. 

-What to Dew r ^^^' ^^^ ^* *^® moisture of the air con- 
densed by coming in contact with bodies colder 
than itsel£ 

What is flie 60^ ^I^® temperature at which the conden- 
Dew-PoiBtr gation of moistare in the atmosphere com- 
mences, or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the " Dew- 
Point/' 

j^ ^ j . This point is by no means constant or invariablei smee dew 
point • eon- IS only deposited when the air is saturated with yapor, and 
itant one? ^q amount of moisture required to saturate air of high tem- 

perature IS much greater than aur of low temperature. 

If the saturation be complete^ the least diminution of temperature is at- 
tended with the formation of dew ; but if the air is dry, a body must be 
seyeral degrees colder before moisture is deposited on its sur&ce; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point 

Dew may be produced at any time t>y bringing a Yessel of 
prodacdon ^ of ^^^ water into a warm roouL The sides of the vessel cool 
dew be ooea- the surrounding air to such an extent that it can no longer 
u^f * *"^ retain all its vapor, or, in other words, the temperature of the 
air is reduced below the dew-point ; dew therefore forms upon 
the vessel. A pitcher of water under such circumstances is vulgarly said to 
" sweat" 

In the same manner, moisture is deposited upon the windows of a heated 
apartment when the temperature of the external air is low enough to suffi- 
ciently cool the glass. 

-_ . As soon as the sun has set in summer, and the earth is no 

formed in Rim. longer receiving new supplies of heat, its surface begins to 
mcr after ran- throw off the heat which it has accumulated during the day 
by radiation; the air, however, does not radiate its heat, and, 
in consequence, the different objects upon the earth's sur&ce are soon cooled 
down from 7 to 25 degrees below the temperature of the atr. The warm 
vapor of the air, coming in contact with these cod bodies, is condensed and 
precipitated as dew. 

In a dear »iimmer*s night, when dew is depositing, a thermometer laid 
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npcm the grass, wiH nnk nearly 20 degrees below one suspended in the air 
at a little distance abova 

TT hat h. "^ bodles havo not an equal capacity for radiating heat^ 
•tances is dew but Some cool much more rapidly and perfectly than others. 
d^oBlted most Hence it follows, that with the same exposure, some bodies 
will be densely covered with dew, while others will remain 
perfectly dry. 

Grass, the leaves of trees, wood, eta, radiate heat very freely: but polished 
metals, smooth stones, and woolen doth, part with their heat slowly: tho 
fwmer of these substances will therefore be completely drenched wi^ dew^ 
while the latter, in the same situations, will be almost diy. 

The sur&ces of rocks and barren lands are so compact and hard, that they 
can neither absorb nor radiate much heat; and (as their temperature varies 
but slightly) very little dew deposits upon them. Cultivated soils, on the 
contrary (being loose and porous) very freely radiate by night the heat which 
they absorb by day; in consequence of which they are much cooled down, 
and plentifully condense the vapor of the air into dew. Such a condition 
c^ things is a remarkable evidence of design on the part of the Creator, since 
every plant and inch of land which needs the moisture of dew is adapted to 
collect it; bat not a single drop is wasted where its refreshing moisture is not 
required. 

^^ _ 606. Dew is deposited most freely upon a calm, dear nighty 
stances infln- Since under such circumstances heat radiates from the earth 
dSSion of dew? ™^ freely, and is lost in space. On a doudy night, on the 
contrary, the deposition of dew is almost entirely interrupted, 
once the lower sur&ces of the clouds turn back the rays of heat as they 
radiate, or pass ofif from the earth, and prevent then* dispersion into space ; 
the suiiace of the earth is not, therefore, cooled down suffidently to chill the 
vapor of the air into dew. 

When the wind blows briskly, also, little or no dew is formed, since warm 
air is constantly brought into contact with solid bodies, and prevents thefr re- 
duction in temperature. 

Can dew be 1^®^ 18 alwajTB formed upon the surface of 
groperiysaidto ^]^q material upon which it is found, and does 
not fall from the atmosphere. 

Other things being equal, dew is most abundant in dtuations most exposed, 
because the radiation of heat is not arrested by houses, trees, etc. Little dew 
is ever observed in the streets of dties, because the objects are necessarily 
exposed to each other's radiation, and an interchange of heat takes place^ 
which maintains them at a temperature uniform with the air. 
Does A trm ^®^ rarely &lls upon the sur&ce of water, or upon ships 
upon the sar- in mid-ocean. The reason of this is, that whenever the 
free of water f aqueous partides at the surface are cooled, they become heavier 
than those below them, and sink, while warmer and lighter partides rise to 
the top. These, in thefr turn, become heavier, and descend ; and this pro- 
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oesa, oontinuing throughout the nighty maintaina the surface of the water and 
the air at nearly the same temperature. 

Although dew does not appear upon ships in mid-ocean, it is freely depos- 
ited on the same vessels arriving in the vicinity of land. Thus, navigators 
who proceed from the Straits of Sunda to the Coromandel coast, know that 
they are near the eud of the voyage when they perceive the ropes, sails, and 
other objects placed on the deck become moistened with dew during the 
night 

The exposed parts of the human body are never covered with dew, bccaase 
ftie vital temperature, varying from 96^ to 98o F., effectually prevents a loss 
of heat sufficient for its deposition. 

Dew is produced most copiously in tropical countries, because there is Id 
Buch latitudes the greatest difference between the temperature of the day and 
that of the night The development of vegetation is also greatest in tropica) 
countries, and a great part of the nocturnal cooling is due to the leaves which 
present to the sky an immense number of thin bodies, having large surface, 
well adapted to radiate heat 

Dew rarely falls upon the small islands of the Pacific; the reason is, that 
the air over the vast ocean in which these islands are situated, preserves a 
nearly umform temperature day and night The islands are comparatively 
of small extent, and the stratum of air cooled by the contact of the soil is 
warmed by mixing with the air that is constantly reaching it from the sea. 
This prevents a depression of temperature hi the air sufficient to cause a depo- 
sition of dew. 

whatisfrortf 606. Frost is frozen dew. 

When the temperature of the body upon which the dew is 
deposited sinks below 32® F., the moisture freezes and assumes a solid form, 
constituting what is called "frost" 

Shrubs and low plants are more liable to be injured by frost than trees of 
a greater elevation, since the air contiguous to the surface of the ground is the 
most reduced in temperature. 

"Why does a -^.11 exceedingly thin covering of muslin, 
protect^Td^^f matting, etc., will prevent the deposition of 
from^dew or ^j^^ qj. f,,Qg^ upon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sufficient to occasion the production of either dew or 
frost. 

Fig. 224, in which the arrows indicate the movements of heat, and the 
numerals the temperatures of the earth and air under different circumstances, 
will render the explanations of the phenomena of dew and frost more in- 
telligible. 

The figures in the middle of the diagram represent the temperature of the air 
at a distance fix>m the surface of the earth ; the figures in the margin, the 
temperature of the air adjoining the sur&ce of the earth ; the figures below 
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the margin, the temperature of the earth itselC The directions of the arrows 
represent the radiation and reflection of the heat 




Surface of 
the earth, 69*. 


41". 1 32*. 
Dew. 1 Frost 


53». 
No dew or frost 


41'. 
No dew or frost 


In the day- 
time. 


In dear and serene 
nights. 


Cloudy or windy 
nights. 


Clear night ; 
soil protected. 



What are 
clouds ? 



SECTION II. 
CLOUDS, RAIN, SNOW, AND HAIL. 

607. Clouds consist of vapor evaporated from 
the earth, and partially condensed in the 
higher regions of the atmosphere. 

Howisroistor When air, saturated with vapor, inJmme- 
fogoccasionedr jig^^.^ coutact with the surface of the earth is 
cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not sufficient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
mist or fog. 

How do clouds, Clouds, fog, and mist differ only in one re- 
fg^and mist gpect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
surface of the earth. 

Mist and fog are also formed when the water of lakes and rivers, or the 
damp ground, is warmer than the surrounding air which is saturated with 
moisture. The vapors which rise in consequence of the higher temperature 
of the water, are immediately recondensed, as soon as they diffuse themselves 
through the colder air. 

Mist and fog are observed most frequently over rivers and marshes, be- 
cause in such situations the air is nearly saturated with vapor, and therefore 

12* 
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the least dcprenion of temperatare will compel U to relinquiflh some of tti 
moisture. 

Wh ifl th "^® moisture contained in the air we expel from the lungs 

moisture of in the process of respiration, is visible in winter, but not in 
lbi«^in*^nter ■'"■"*®*^- The reason of this is, that in cold weather the rapor 
and not in is condensed by the external air, but in summer the tempera- 
■"™""' ' turo of the air is not sufficiently reduced to effect condensation. 

In what man- I>uring the daily process of eyaporation from the surface of 
ner are donds the earth, wann, humid currents are continually ascending; 
formed? ^j^^ higher they ascend, the colder is the atmosphere into 

which they enter; and as they continue to rise, a point will at length be 
attained where, in union with the colder air, their original humidity can no 
longer be retained : a cloud will then appear, which increases in bulk with 
the upward progress of the current into colder regions. 

To a person in the valley, the top of a mountain may seem enveloped in 
clouds; while, if he were at the sunmiit, he would be surrounded by a mist^ 
or fog. 

Wh d ckradf "^^ reason why douds, which are condensed vapor, flosui 
float in the at- in the atmosphere is, that they consist of very minute glob- 
moqpheref ^i^g (called vesides), which, although heavier than the sur- 

rounding air, have a great extent of surface in comparison with their weight 
On account of the resistance of the air, they sink very slowly, as a soap- 
bubble, which greatly resembles these vesicles, sinks but slowly in a calm 
atmosphere. As these vesicles do, however, gradually sink, the question 
arises, why do not the clouds fall to the ground ? The explanation of this is, 
that the vesicles which sink in calm weather can not reach the ground, be- 
cause in their descent they soon meet with warmer strata of air which are not 
saturated with moisture, where they again dissolve into vapor and are lost to 
view : at the same time that the vesicles of vapor dissolve at the lower limits 
of tlie clouds, new ones are formed above, and thus the doud appears to float 
immovably in the air. 

When the atmosphere is agitated, the vesicles of vapor constituting^ douds 
are driven in the direction of the currents of air. A wind moving in a hori- 
zontal direction will cany the douds in the same direction ; and an ascend- 
ing current of air will lift them up, as soon as its velocity becomes greater 
than the velodty with which the vesides would fall to the g^und in a calm 
condition of the air. In like manner, soap-bubbles are elevated by the wind 
and carried to considerable distances. , 

How do winds Olouds frequently appear and disappear with a change in 
affect the the direction and character of the wind. Thus, if a coM wind 
douds? blows suddenly over any region, it condenses the invisible va- 

por of the air into doud or rain ; but if a* warm wind blows over any region, 
it disperses the douds by absorbing their moisture. 

The average height at which douds float above the sur&ce 
arerage height ®^ *^® ®^^ ^^ ^ calm day, is between one and two milea. 
ofdonds? Light, fleecy clouds, however, sometimes attain an elevation 

of five or six miles. 
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Whatoeeaidoiis When clouds are not continuous over the whoie sur&ce of 
and broiwna" ^^ sky, various circumstances contribute to give them a 
peannce of rough and uneven appearance. The rays of the sun &iling 
upon diflerent surfaces at different angles, melt away one set 
of elevations and create another set of depressions ; the heat also, which is 
liberated below in the process of condensation, the currents of warm air 
escaping fiK>m the earth, and of cold air descending from above, all tend to 
keep the clouds in a state of agitation, upheaval, and depression. Under 
these influences, the masses of condensed vapor composing the clouds are 
caused to assume all manner of grotesque and fanciful shapes. 

The shape and position of clouds is also undoubtedly influenced in a con- 
siderable degree by their electrical condition. 

.^ , , Clouds are frequently seen to collect around 

WhjdodoadB . ,11 , . . 

freqaentiycoi- mountain pcaks, when the atmosphere else- 
mountain whcrc is -clcar and free from clouds. This is 

caused by the wind impelling up the sides of 
the mountains the warm, humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes cou^ 
densed by cold, and appears as a cloud, 
jj^^ ^ 608. Clouds are generally divided into fou* 
werl^^Si^f great classes, viz. : the Cirrus, the Cumulus, 

the Stratus, and the Nimbus. 
cS!i*t d5)ud? ^^® Cirrus* cloud consists of very delicate 

thin streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
the continuance of fine weather. 

It is highly probable that the cirrus doud, at great elevations, does not con- 
sist of vesicles of mist, but of flakes of snow. 
Fig, 225, <i, represents the appearance of this variety of doud. 

What is the The Cumulusf cloud consists of large round- 
cumoiMcioadf ^j masscs of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains oi 
snow. 

The cumuhu is especially the cloud of day, and its figure is most peifect 
during the fine, w£Uin days of summer. 

Fig. 226, b, illustrates tiie appearance of the cumulus cloud. 

These clouds appear in greatest number at noon, on a fine day, but disap- 
pear AS evening approaches. The explanation of this is, that at noon the cur- 

* From the Latin irord eimu — a lock of hair, or earL 
t From the Latin word cumt^IiM— a mass, or pile. 
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rents of wann air ascending from the earth are more bnojant, larger, and ri^ 
higher, and when condensed, form large masses of clouds, each of which may 
be oonsidered as the capital of a column of air, whose base rests upon the earth. 
As the heat of the sun diminishes in the afternoon, the strength of tlie cur- 
rents abate, the douds, which are buojed up by their force, sink down into 
wanner regions of the atmosphere, and are either partiaUy or whoUj di»- 
iolved. 

FiQ. 225. 




Cirrus, a; Cumulus, b; Stratus and Nimbus, c 



'' The rounded figure of the cumulus has been attributed to its method of 
formation ; for when one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of curved lines. This fac* 
may be shown, and the appearance of the cumulus imitated, by allowing a 
drop of milk or ink to fall into a p:lass of water. The same thing is also 
seen in the shape of a doud of steam as it issues from the boiler of a loco- 
motive. 



OLOUDS, BAIN, SNOW, AND HAIL. 277 

What is the The Stratus,* or stratified cloud, consists 
stratus doud ? ^f horizootal streaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the earth. They frequently appear with extraordinary 
brilliancy of color at sunset. 

The appearance of the stratus is represented at o, Fig. 225. 

What is the The Nimbus, or the cloud of rain, has no 

Nimbus? characteristic form. It generally covers the 

whole horizon, imparting to it a bluish black appearance. 

The varioas forms of clouds gradually pass into each other, so that it is 
often difficult to decide whether the appearance of a doud approaches more 
to one* tjpe than another. The intermediate forms are sometimes designated 
as cirro-stratus, cirro-cumulus, and cumulo-stratus. 

609. Bain is the vapor of the clouds or air 
condensed and precipitated to the earth in droj)S. 
How is rain ^^.in is generally occasioned by the union of 
occasioned? ^^^ ^j. jj^qj.q yolumcs of humid air, diffei'ing 
considerably in temperature. Under such circumstances, 
.the several portions in union are incapable ol absorbing the 
same amount of moisture that each could retain if they 
had not united. The excess, if very great, falls as rain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. The law upon which the condensation 
toTif^^t of vapor and the formation of rain depends is, 
^^^* that the capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Kain falls in drops, because the vesicles of vapor, in 
ISfin^SSs? *^®^' descent, attract each other and merge together, thus 
forming drops of water. The size of the drop is increased in 
|nx)portion to the rapidity with which the vapors are condensed. 

In rainy weather the clouds fall toward the earth, for the reason that they 
jBoe heavy with partially-condensed vapors, and the au:, on account of its 
.diminished density, io less able to buoy them up. 

612. The quantity of rain falling at any one time or 
place, is measured by means of an instrument called a 
« Rain-Guage/' 

This usually consists of a tin cylindrical vessel, M, Fig. 
^BSn^Goa^* 226, the upper part of which is closed by a cover, B, in the 
shape of a funnel, with an aperture in its center. The water 
* strains, from the Latin stro^Ufi— that which lies low in the fona of a bed or layer. 
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Fig. 226. fiiDiiigaponthetopof 

the cjlinder flows into 
the interior through 
the opening, and i 
thus protected ftom 
evaporation. From the 
base of the appara- 
tus a graduated glass 
tube, A, ascends, in 
which the water 
rises to the samo 
height as in the m- 
terior of the cylinder. 
Supposing the apparatus to be placed in an exposed situation, and at the end 
of a month, for example, the height of the water in the tube is five inches: 
this would indicate that the water in the cylinder had attained to an equal 
elevation, and consequently that the rain which had fallen during this inte^ 
val, would, if not diminished by evaporation or infiltration, cover the earth to 
the depth of five inches. 

In what sitaa. ^^^' ^*"^ ^^ ^^^ abundantly in countries near the equa- 
tions is rain tor, and decreases in quantity as we approach the poles, 
most abundant? There are more rainy days, however, in the temperate zones 
than in the tropics, although the yearly quantity of rain &lllng in the latter 
districts is much greater than in the former. 

In the northern portions of the United States, there are on an average about 
134 rainy days in a year ; in the Southern States the number is somewhat 
less, being about 103. 

The reason why it rains more fi^uently in the temperate zones than in the 
tropics is because, the former are regions of variable winds, and the tempe- 
rature of the atmosphere changes often ; whOe in the tropics the wind changes 
but rarely, and the temperature is very constant throughout a great part of 
the year. In the tropics the year is divided into only two seasons, the wet, 
or rainy, and the dry season. 

What is the ^^^ average yearly fall of rain in the tropics 
SdnTlfdiflSeSt is ninety-five inches ; in the temperate zone 
eoontriMf ^^jy thirty-five. 

The greatest rain-fall, however, is precipitated in the shortest time. Ninety* 
five inches fall in eighty days on the equator, while at St Petersburg ths 
yearly rsun-fall is but seventeen inches, spread over one hundred and sixty- 
nine days. Again, a tropical wet day is not continuously wet The morn- 
ing is dear ; clouds form about ten o'clock ; the rain begins at twelve, and 
pours till about half past four ; by sunset the clouds are gone, and the nights 
are invariably fine. 

The depth of rain which falls yearly in London is about twenty-five inches; 
but at Vera Cruz, in the Gulf of Mexico, rain to the amount of two hundred 
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and seYenty-ei^^t inches is precipitated. The explanation of this is to be 
founa in the peculiar location of the city, at the foot of lofty mountams, whose 
summits are covered with perpetual snow ; against these the hot, hiunid air 
from the sea is driven by the winds, condensed, and its excess of moisture 
precipitated as rain. 

614. Some countries are entirely destitute of rain ; in a part of Eg3rpt it 
never rains, and in Peru it rains once, perhaps, in a man^s lifetime. Upon 
the table-land <^ Mexico, in parts of Guatemala and California, rain is very 
rare. But the most extensive ramless districts are those occupied by the 
great desert of Africa, and its continuation eastward over portions of Arabia 
and Persia to the interior of Central Asia, over the great desert of Gobi, the 
table-land of Thibet, and part of Mongolia. These regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to be sought for in the peculiar conformation 
of the country. 

In Peru, for example, parallel to the coast^ and at a short distance from the 
tea, is the lofty range of the Andes, the peaks of which are covered with 
perpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
do cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt' and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Guiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos- 
phere with vapor, which returns to the earth again in constant showers as 
the cool winds of the ocean flow in and condense it 

What la th 615. The whole quantity of water annually precipitated as 

whole wti- nun over the earth's sur&ce is calculated to exceed seven 
Surndty^**^ hundred and sixty millions of tons. This entire amount is 
rain? raised into the atmosphere solely by evaporation. It has been 

also calculated, that the daUy amount of water raised by 
evaporation fit)m the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty tiiousand cubic miles annually. 

During the months of October and November, the daily amount of evapo- 
ration from the sur&ce of the ocean, between the Cape of Good Hope and 
Calcutta^ is known to average three quarters of an inch from the wbob 
Bui&ce. 

What enriona '^'^ amount of moisture constantiy present in the atmoa- 
fnflaeneaa are pbere of any country, exercises an important influence upon 
SS^SSStorJS *^® physical system of the mhabitants, and upon their arts 
fheatmoflpharaf and professions. The atmosphere of the northern United 
States is uncommonly dry, much more so than in England or 
Germany. To this in a great measure is owing the difference in the physk»l 
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appearance of the inhabitants of these respective countries. Painters find that 
their work dries quicker, also, in New England than in central Europe. 
Cabinet-makers in the United States are obliged to use thicker glue, and 
watchmakers animal instead of vegetable oO. Pianos arc rarely imported fivm 
Europe into the United States, because the difference in the climate of these 
two countries is so great, as respects moisture, that the foreign instruments 
shrink, and quickl/ become damaged. 

What to Snow f 616. Suow is the condensed vapor of the air, 
' frozen and precipitated to the earth. 

How is motr ^^ knowledge in respect to the formation of snow in the 
probablffonn- atmosphere is very limited. It is probable that the clouds m 
which the flakes of snow are first formed, consist, not of vesi- 
cles of vapor, but of minute crystals of ice, which by the continuous condens- 
ation of vapor become larger and form fiakes of snow, which continue to 
increase in size as they descend through the air. 

When the lower regions of the air are suflBciently warm, the flakes of snow 
melt before they reach the ground; so that it may rain below, while it snows 
above. 

The largest flakes of snow are formed when the air abounds with vapor, 
and the temperature is about 32° F. ; but as the moisture diminishes, and the 
cold increases, the snow becomes finer. 

In extreme cold weather, when a volume of cold air is suddenly admitted 
into a room, the air of which is saturated with moisture, it sometimes hap- 
pens tliat the vapor of the room will be condensed and frozen at the same 
instant, thus producing a miniature £ill of snow. 

What is the ^^*^' ^^ examining a snow-flake beneath a microscope, it is 
phyvicftl com- found to consist of regular and symmetrical crystals, having a 

These crystals also exist in ice, but are so blended together 
that their symmetry is lost in the compact mass. 

The crystals of snow may, under &vorable circumstances, be seen with 
the naked eye, by placing the flake upon a dark body cooled below 32° F. 
Fig. 227 represents the varied and beautiful. forms of snow crystala 

The bulk of recently-fallen snow is ten or twelve times greater than that 
of the water obtained by melting it 

618. Hail is the moisture of the air frozen 
into drops of ice. 

Can the phe- ^^^ phenomenon of hail has never been satis&ctorily ex- 
nomenonofbail plained. It is difficult to conceive how the great cold is pro- 
aatisfaotoriTyf ^uced which Causes the water to fl^ze under the circum- 
stances, and also how It is possible that the hail-stones, after 
having once become sufficiently large to fell by their own weight, can yet 
remain long enough in the air to increase to so considerable a size as is 
sometimes seen. A hail-storm generally lasts but a few minutes, very sel- 
dom as long as a quarter of an hour; but the quantity of ico whiob 
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escapes from the clouds in so short a time is very great, and masses have 
been observed to fell of a weight of 10 or 12 ounces. 

Fig. 227. 




619. Hail-stones are generally pear-shaped, and if they are divided through 
the center, they will be found to be composed of alternate layers of ice and 
snow, arranged around a nucleus, like the coats of an onion. 

Hail-storms occur most frequently in temperate climates, and rarely within 
the tropics. They occur most frequently in northern latitudes, in the vicinity 
of high mountains, whose peaks are always covered with ice and snow. The 
south of France, which lies between the Alps and Pyrenees, is annually rav- 
aged by hail ; and the damage which it causes<yearly to vineyards and stand- 
ing crops has been estimated at upward of nine millions of dollars. 



SECTION III. 



WINDS. 

620. Wind is air put in motion. The air is 
never entirely free from motion, but the ve- 
locity with which it moves is perpetually varying. 
^^ 621. The principal cause of movements in 

prinrfpai'cause thc atmosphcrc is the variation of temperature 
produced by the alternation of day and night 
and the succession of the seasons. 

When, through the agency of the sun, a particular portion 
of the earth*8 surface is heated to a greater degree than the 

and 



WhaliflTHndt 



Hotr can rari- 

ationa of tem- 

pemture pro- . , , . . . , « , 

duceiriiidr remamder, the air resting upon it becomes rarefied 
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Mcendfl, while a cxarent oi oold air rushes in to sapplj the Tacancy. Two 
currents, the one*of warm air flowing out, and the other of cold air flowing 
in, are thus continually produced; and to these movements of the atmosphere 
we apply the designation of wind. 

. If the whole sur&ce of the earth were coyered with water, 

Howdo the ^^ winds would always follow the sun, and blow uniformly 

{ores of the flx>m east to west The direction of the wind is, however, 

idndBV*^**** continually subject to mterruption ftom mountains, deserts^ 

plains, oceans, etc. 

Thus mountains which are covered with snow, condense and cool the air 
brought in contact with them, and when the temperature of the current of 
air constituting the wind is chang^ its direction Is liable to be changed alsa 
The ocean is never heated to the same degree as the land, and in conse- 
quence of this, the general direction of the wind is trom tracts of ocean to- 
ward tracts of land. 

In those parts of the world which present an extended surface of water, 
the wind blows with a great degree of regularity. 

What ifl the ^^^' ^^^ry variation exists in the speed of winds, from 
Teloci^ and the mildest zephyr to the most violent hurricane. 
Ibrce of winds? ^ ,^^^ which is hardly peroeptible moves with a velodtj 
of about one mUe per hour, aodVith a perpendicular force on one square foot 
of -006 pounds avoirdupois. 

In a storm, the velocity of the wind is from 60 to 60 miles per hour, and 
the pressure from 7 to 12 pounds per square foot In some hurricanes, the 
velocity has been estimated at from 80 to 100 miles per hoar, with a varying 
force of from 30 to 50 pounds. 

The force of the wind is ascertained by ob- 
fow^ of wind serving the amount of pressure that it exerts 
upon a given plane sur&ce perpendicular to its 
own direction. 

If the pressure-plate acts freely upon spiral springs, the power of the wind 
is denoted by the extent of their compression, which thus becomes a measure 
of their force, the same as in weighing by the ordinary spring-balance. 

What ii an -^.u instrument for measuring the force of 
Anemometer f j-jj^ ^j^j^j jg called au Anemometer. 

How may winds 623. Wiuds mav be divided into three 
be divided? classes: — Constant, Periodical, and Variabto 
winds. 

..^ ^ ^^ 624. In many parts of the Atlantic and Pacific oceans, the 

What are the . , , , -i. •/. ^ j ^ x/T^ 

trade-winds f Wind blows With a uniform force and constancy, so that a Tea- 
sel may sail for weeks without altering the position of a sail 
or spar. Such winds have received the designation of trade-winds, inasmuch 
as they are most convenient for navigation, and always blow in one directioQ. 
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What !■ fhe ^® trade-winds are caused by the movements of vast cut- 
cause of the rents of air which are continually flowing between the poles 
trade-winds 1 ^^ ^^ equator.' Thus the air which has been greatly heated 
by the sun in regions near to the equator, rises and runs over toward either 
pole in two grand upper currents, under which there flows from north and 
south two other currents of colder air to occupy the space vacated, and to re- 
store the equilibrium, 

Whatoccasi s ^^^' ^^ *^® northern hemisphere the trade-winds blow fix)m 
the direction of the north-east, and in the southern hemisphere from the soutb- 
the trade-winds f , 



The reason they do not blow from the direct north and south is owing to 
the revolution of the earth. The circumference of the earth being larger at 
the equator than at the poles, every spot of the equatorial surface must move 
much faster than the corresponding one at the poles : when, therefore, a cur^ 
rent of air from the poles flows toward the equator, it comes to a part of the 
earth's surface whidi is moving faster than itself; in consequence of which 
it is left behmd, and thus produces the effect of a current moving in the op- 
posite direction. 

The region over which the trade-winds prevail extends for about 25 degprees 
of latitude, on each side of the equator, in the Atlantic and Pacific oceans. 

The reason the trade-winds do not blow uninterruptjedly from the equator 
to each pole is owing to the change which takes place in their temperature as 
they move north and south. Thus m thA northern hemisphere Uie hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser and heavier, running as it does over the cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south, so that in the temperate climates there is a constant struggle as to 
which shall have the upper and which the lower position. In these regionSy 
consequently, there are no uniform wind&* 

What are mon. 626. MoDsooDs are periodical currents of air 
■~""' which in the Arabian, Indian, and China seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are called monsoons from an Arabic word signi^ing season ; they are 
also called periodical winds, to distinguish them from the trade-winds whidi 
are constant 

What is the "^^ theory of the monsoons is as follows: — ^During six 
theory of the months of the year, fbom April to October, the air of Arabia^ 
monaoonaf Persia, India, and China^ is so rarefied by the enormous heat 

of their summer sun, that the cold air from the south rushes toward these 

* The ezistenee of a great earrent of air in the upper regions of the atmosphere, flow- 
ing in an nearly contrary direction to the tradcwlnds, has been eonfirmed by the ob- 
servations of travelers who have ascended the Peak of Teneriffe, or some of the high 
monntains in the islands of the Southern Pacific Ocean. At a he^ht of about 12,000 feet 
a wind is encountered, blowing constantly in an opposite direction to that wliich prevail! 
at the level of the sea below. 
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ooontrieSy acrofls the eqiiator, and produces a south-west wind. When the 
sun, on the other hand, has left the northern side of the equator for the 
southern, the southern hemisphere is rendered hotter than the northern, and 
the direction of the wind is reversed, or the monsoon blows north-east fiiom 
October to April 

The monsoons are more powerfhl than the trade-winds, and veiy often 
amount to violent gales. They are also more useful than the trade-winds, 
wnce the mariner is able to avail himself of their periodic changes to go in 
one direction during one half of the year, and return in the opposite direction 
during the other half 

What !■ the ^^'^* ^" Some parts of the world, as on coasts and islands, 
explanation of the heating action of the sun produces daily periodical winds, 
breeael"* "** which are termed land and sea-breezes. 

During the day, the land becomes much more highly heated 
by the sun than the adjacent water, and consequently the air resting upon 
the land is much more heated and rarefied than that upon the water. The 
cooler and denser air, therefore, flows firom the water toward the land, con- 
stituting a sea-breeze, and, displacing the warmer and lighter air over the 
land, forces it into a higher region, along which it flows in an upper current 
seaward. 

At night a contrary effect is produced. After sunset the land cools much 
more rapidly than the water, and the air over the shore becoming cooler, 
and consequently heavier than that over the sea, flows toward the water and 
forms the land-breeze.* 

The phenomena of land and sea-breezes may be well illustrated by a simple 
experiment Fill a large dish with cold water, and place in the middle of it 
a saucer fUU of warm water ; let the dish represent the ocean, and the saucer 
an island heated by the sun, and rarefying the air above it ; blow out a can- 
dle, and if the air of the room be still, on applying it successively to eveiy 
side of the saucer, the smoke will be seen moving toward it and rising over 
it, thus mdicating the course of the air from sea to land. On reversing the 
experiment, by fiUing the saucer with cold water, and the dish with warm, 
the land-breeze will be shown by holding the smoking wick over the edge 
of the saucer ; the smoke will then be wafted to the warmer air over the dish. 

628. In the temperate zones, the winds have 
^8 w^?® '^*^^® ^^ regularity, and these latitudes are 
known as the regions of " variable winds.'* 

, In the tropics, the great aerial currents known as the trade-winds exist in 
all theu: power, and control most of the local influences; but in the temperate 
zones, where the force of the trade-winds 13 diminished, a perpetual contest 

♦ Adrantage ii taken of these breezes by coasters, which, drawing less water than 
larger vessels, can approach the coast within those limits where the sea and land-breeses 
first begin to operate. Thus a ship of war may not be able to take advantapre of these 
winds, while sloopn and schooners may be moving along close to the shore under a press 
«f canvas, and be out of sight before the larger vessel is rdeaoed from the calm borderii^ 
these breeces, and Aringing for some time the beach only. 
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occurs between the pencanent and temporary currents, giving rise to con- 
stant fluctuations in the strength and direction of the winds. 

629. The driest winds of the United States are west. and 
character of north-west winds, since they blow over great tracts of land, 
the wind! (^ and Iiave little opportunity of absorbing moisture. 
State&r ^® south winds are generally warm and productive of 

rain, since coming from tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the ocean. As soon, 
however, as they reach a cold climate they are condensed, and can no longer 
hold all their vapor m suspension; m consequence of which some of it is de- 
posited as rain. 

630. Other disturbances of the air occasion a variety of phenomena known 
as "Simoons," "Hurricanes," "Tornadoes," "Water-Spouts," eta 

What la a Si- 631. The Simoon is an intensely hot wind 
moonf ^jjj^^ prevails upon the vast deserts of Africa 
and the arid plains of Asia, causing great suffering, and 
often destruction of whole caravans of men and animals 
when encountered. Its origin is to be sought in the pecu- 
liarities of the soil and the geographical position of the 
countries where it occurs. 

"The surface of the deserts of .Africa and Asia is composed of dry sand, 
which the vertical rays of the sun render burning to the touch. The heat of 
these regions is insupportable, and their atmosphere like the breath of a fUr- 
nace. When, under such circumstances, the wind rises and sweeps over 
these plains, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust — a dreadful visitant to 
the traveler of the desert" 

whatiaaHnr- Thc Hurricaue is a remarkable storm wind, 
'***°®' peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distinguished from all other kinds of tempests by 
their extent, irresistible power, and the sudden changes that occur hi the 
direction of the wind. 

In the northern hemisphere, the hurricane 
and locations most frequently occurs in the regions of ths 
mo(rt frequent. Wcst ludics ; iu the southcm hemisphere, it 
rocear occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean. They also seem to be 
confined to particular seasons ; thus the West Indian 
occur from August to October ; the Mauritian from Feb- 
ruary to ApriL 
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Recent investigations have proved the hur- 
nature of the ncanes to consist of extensive storms of wind, 
which revolve round an axis either upright or 
inclined to the horizon ; while at the same time the body 
of the storm has a progressive motion over the surface of 
the ocean. 

Thus it is the nature of a hurricaae to travel round and round as well as 
Arward, much as a corkscrew travels through a cork, only the circles are all 
flat, and described bj a rotary wind upon the sur&ce of the water. A ship 
revolving in the circles of a hurricane, would find, in successive positional the 
wind blowing from eveiy point of the compass.* 

The effect produced by a hurricane upon the atmosphere is very singular. 
As it consists of a body of air rotating iu a vast circle, its center is the point 
of least motion. Manners who have been caught in such a center, describe the 
unnatural calm that prevails as awful — an apparent lull of the tempest, which 
seems to have rested only to gather strength for greater efforts. The mass 
of au*, however, which constitutes the body of the storm will be driven out- 
ward from the center toward the margin, just as water m a pail which is 
made to revolve rapidly flies fix)m the center and swells up the sides. But 
the pressure of the atmosphere beyond the whirl, checking and resisting the 
centrifugal force, at length arrests the outward progress of the mass of air, 
and Umits the storm. 
,^ ^ . ^ The prcM^ressive vekicity of hunicaneB is firom aeventoen to 

Whatisknovn ^ .^ ^ ^ ^ *^. ^. . - ., , .. 

respecting the fottj miles per houT ; but cBstinct from the progressive velocity 

I*^^* temv"* ^ rotary velocity, which increases ftt)m the exterior bound- 

eSn^ harri- ary to the center of the storm, near which point the force of 

**°^^ the tempest is greatest, the wind sometimes blowing at the 

rato of one hundred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at St Thomas, in the West 
Indies, on the 12th, reached the Banks of Newfoimdland on the 19th, having 
traveled more than three thousand nautical miles in seven days; the track of 
the Cuba hurricane of 1844 was but little inferior in length. 

The sur&ce simultaneously swept by these tremendous whirlwinds is a 
vast circle varying from one hundred to five hundred miles in diameter. 

Mr. Bedfield has estimated the great Cuba hurricane of 1844 to have been 
pot less than eight hundred miles in breadth, and the area over which it pre> 
vailed during its whole length was computed to be two million four hun- 
dred thousand square miles — an extent of surface equal to two thirds of 
that dT all Europe. 

* In 1845, a ship enooantered a horriiaine near Msuritias. The wind, as the ship 
flailed in the circuit of the storm, changed five times completely round in one hundred 
and seventeen hours. The whole distance sailed by the vessel was thirteen hundred and 
-serenty-three miles, snd at the termination of the storm she was only threa hondred sod 
flfty-foor miles firom fthe place where the storm commeaoad. 
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wh«tawTor. 632. Tomadoes maybe regarded as hurri- 
i»do«? canes, differing chiefly in respect to their con- 
tinuance and extent. 

Tomadoes usually last from fifteen to seventy seconds ; 
their breadth varies from a few rods to several hundred 
yards, and the length of their course rarely exceeds twenty 
miles. 

The tornado is generallj preceded by a calm and sultiy state of the atmos- 
phere^ when suddenly the whirlwind appears, prostrating every thing before 
it Tomadoes are usoally accompanied with thmider and lightning, and 
sometimes showers of haiL 

Tornadoes are supposed to be generally pro- 
n^ZJ^ pj^ duced by the lateral action of an opposing 
"** wind, or the influence of a brisk gale upon a 

portion of the atmosphere in repose. 

Similar phenomena are seen in the eddies, or little whirlpools formed in 
water, when two strisams flowing in different directions meet They occur 
most fireqaently at the junction of two brooks or rivers. 

Whirlwinds on a small scale are often produced at the comers of streets in 
cities, and are oocasiooed by a gust of wind sweepmg round a building, and 
striking the calm air beyond. 

The whirl of a tomado, or whirlwind, appears to ori^nate in the higher 
regions of the atmosphere ; it increases in velocity as it descends, its base 
gradually approaching the earth, until it rests upon the sur&ce. 

Great conflagrations sometimes produce whirlwinds, in consequence of a 
strong upward current, which is produced by the expaLsion of the heated 
air. A remarkable example of this is recorded to have happened at the 
buming of Moscow, in 1812, where the air became so rarefied by heat, that 
the wind rose to a trightftd hurricane. 

It has been noticed as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are often entirely stripped of 
their feathers. In a theory propounded some years since to the American 
Association for the Promotion of Science, by an eminent scientific authority, 
it was supposed that in the vortex, or center of the tornado, there was a 
vacuum, and the fowls being suddenly caught in it, the air contained in th« 
barrel of their quills expanded with such force as to strip them fix)m thd 
body. 

What it a 683, A water-spout is a whirlwind over the 
water-«poat? gurface of watcr, and differs from a whirlwind 
on land in the fact that water is subjected to the action 
of the wind, instead of objects on the surface of the earth. 
In diameter the spout at the base ranges from a few feet 
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to several hundreds, and its altitude is supposed to be 
often upward of a mile. 

When an observer is near to the spout, a loud hissing noise is heard, and 
the interior of the column seems to be traversed by a rushing stream. 

Pig. 228. The successive appearances of a water- 

spout are as follows : — At first it appears to 
be a dark cone, extending fipom the clouds 
to* the water; then it becomes a column 
uniting with the water. After continuing 
for a little time, the column becomes dis- 
united, the cone reappears, and is gradually 
drawn up into the clouds. These various 
changes are represented in Fig. 228. It is 
a common belief that water is sucked up by 
the action of the spout into the clouds ; but 
there is reason to suppose that water rather 
descends from the clouds, as water which 
has fallen from a spout upon the deck of a 
vessel has been found to be fresh. There is 
no, evidence, furthermore, that a continuous 
column of water exists within the whirling pillar. 

SECTION IV. 

UETEOBIO PHENOMENA. 

What are 6^4. Metcorites are luminous bodies, which 

Meteorites? f^^^ ^j^^ ^^ ^^^q appear in the atmosphere, 

moving with immense velocity, and remaining visible but 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

What are ^35. The term aerolite is given to those 

Aeroiitea? stouy masscs of matter which are sometimes 
seen to fall from the atmosphere.* 

What is known The weight of those aen^tes which have been known to 

respecting the fall from the atmosphere varies from a few ounces to several 

weight and ve- , , , . '^ 

Jodty of aero- hundred pounds, or even tons. 

*^*®*' The height above the earth's sur&ce at which they are sup- 

posed to make their appearance has been estimated to vary from 18 to 80 miles. 

* Aerolite is derived from the Greek words acp (atmosphere) and Xcdot (a stone). A 
meteor is distinguished Arom an aerolite by the fact that it bursts in the atmosphere, bat 
leaves no residuum, while the aerolite, which is supposed to bo a fragment of a meteor, 
•omes to the ground. 
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The estimated velocity of these bodies is somewhat more than three hmi- 
dred miles per minute, though one meteor of immense size, which is supposed 
to have passed within twenty-five miles of the earth, moved at the rate of 
twelve hundred miles per minute. Owing, however, to the short time the 
meteor is visible, and its great velocity, accurate observations can not bo 
made upon it ; and all estimates respecting their distance, size, etc., must bo 
considered as only approximations to the truth. 

Very many of the meteorites which have fallen at different 
respecUng the times and in different parts of the globe, resemble each other 
oraagtatfon of g^ closely, that they would seem to have been broken flx)m 
the same piece or mass of matter. 

Most of them are covered with a black shining crust, as if the body had 
been coated with pijtch. When broken, their color is ash-gray, inclining to 
black. They consist for the most part of malleable iron and nickel, but they 
often contain small quantities of other substances. They do not resemble in 
composition any other bodies found upon the sur&ce of the earth, but have a 
character of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are occasionally found scattered up and 
down the surface of the earth, as in the south of Africa, in Mexieo, Siberia, 
and on the route overland to Califomia. Some of these masses are of immense 
weight, and undoubtedly fell from the atmosphere. 

What is the 636. Four hypotheses have been advanced 
S^^eteJriJ' *^ account foY the origin of these extraordinary 
**^®*' l>odie8 : 1. That they are thrown up from ter- 

restrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4. That 
they are of the same nature as the planets, either derived 
from them, or existing independently. 

The fourth of these suppositions most fully explains the &cts connected 
with the appearance of meteorites, ajid the third likewise has some strong 
evidence in its &vor. 

How do ihoot- 6^ *^- Shooting-stars differ in many respects 
S?^*^t^? from meteors. Their altitude and velocity are 
greater ; they are far more numerous and fre- 
quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is ever known to 
have reached the earth. 

Atirhat hei ht "^^^ altitude of shooting-stars is supposed to vary from six 
do shootings to four hundred and sixty miles, the greatest number appear- 
■tan appear? ing at a height of about seventy miles. Owing to their num- 

13 
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ber and frequency of oocturenoe, many carefiil observations have been made 
upon them, with a view of determining these facts. 

Their velocity is supposed to range from slKty to fifteen hundred miles per 
minute. 

Some of these meteoric appearances may be seen every clear night, but 
they appear to &I1 in g^at numbers at certain periodical epochs. The pe- 
riods when they may be noticed most abundantly are on the 9th and lOth of 
August) and the 12th and 13th of November.* 

The majority of shooting stars appear to radiate from 
•a particular part of the heavens, viz., a point in the con- 
stellation Perseus, undoubtedly far beyond the limits of our 
atmosphere. 

. th ri ^ order to account for the origin of shooting stars, it has 

have been pro- been supposed by Prof. Olmstead, that they are derived from 
P®"®^ f*J th^ * body composed of matter exceedingly rare, like the tail of a 
origin of Bhoot- comet, revolving around the sun within the orbit of the earth, 
iag stars ? jj^ ^ gpace littie less than a year ; and that at times the body 

approaches so near the earth that the extreme portions become detached and 
drawn to the earth by virtue of its great attraction. It has been further sup- 
posed that the matter of which these bodies is composed is combustible, and 
becomes ignited on entering the earth's atmosphere. 

The nearest approach of the central body to the earth is supposed ta be 
about 2,000 miles. Bodies filling from this distance would enter the esrtii's 
atmosphere at a height of at least 00 miisa above the soi&eey vn&. a velocity 
generated by the force of gravity above 4 miles p^ fleoocd — a velocity ten 
times greater than the utmost speed of a cannon'balL 

When common air is compressed in a tight cylinder to the extent of one 
fifth of its volume, sufficient heat is generated to ignite tinder. If we suppose 
that the fragments descend with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to such an extent only as to make it as 
dense as ordinaiy air, the temperature would be raised as high as 46,000° F. 
— a heat for more intense than can be generated in any furnace. Unless, 
therefore, the mass of matter comprising the body was very large, it must be 
dissipated by heat long before it reaches the sur&ce of the earth. 

Another theory has been proposed by the emiiKBnt aetexiomar GhaMin^ 
who supposes that, in addition to the planets and their satellites which revolve 
iabout the sun, there are innumerable sgialler bodies ; and that these occa- 
sionally enter within the atmosphere of tiie earth, take fire, or descend to its 
fiur&oe. 

* They hare alao been noticed in annsnal abundance on fhe 18th of October, the 6th 
and 7th of December, the 2d of January, the 23d and 24th of April, and from the 18th to 
fhe20thof Jnne. 

Four most remarkable meteoric showers hare been noticed, yia., in 1797, 1831, 1832, and 
1833, oil in the month of November. In the shower of 1833, the meteors, in many partsof 
the United States, appeared to fall as thick as snov-flakes, 
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SECTION V. 

POPXTLAB OPINIOKS OONOBSNINQ TEE WBATHXB. 

_ ^ . 638. There is no reason to doubt that every 

Do changM In . *' 

the TOther change in the weather is in strict accordance 

occur in •©- , , 

cordjcnce wiCh with somc definite physical agencies, which are 
fixed and certain in their operations. We 
can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be- 
cause the laws which govern meteorological changes are 
as yet imperfectly understood. 

There are, however, in all countries, certain ideas and pop- 
lar ideas re- ular proverbs respecting changes in the weather, the influ- 
*h^°**°f i th *^^ ®^ *^® moon, the aurora borealis, etc., which are wholly 
ireather found- erroneous and unworthy of belief; since, when tested by 
ed on fact? long-continued observations, they are invariably found to be 

unsupported by evidence. 

Thus an examination of meteorological records, kept in different countries, 
through many years, proves conclusively that the popular notions concerning 
the influence of the moon on the weather has no foundation in any well- 
established theoiy, and no correspondence with observed facts. 

There is, however, some reason for supposing that rain &ll8 more fi!«quently 
about four days before full moon, and less frequently about four or five days 
before new moon, than at other parts of the month; but this can not be con- 
sidered as an established &ct. In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of rain. 

There is also a current belief among many persons that timber should be 
cut during the decline of the moon. To test the matter, an experiment, on 
an extensive scale, was made some years since in France, when it was found 
that there was no difference in the quality 'of any timber felled in different 
parts of the lunar month. 

. It is also supposed that bright moonlight hastens, in some way, the putre- 
fection of animal and vegetable substances. The &.cts in respect to this sup- 
position are, that on bright, dear nights, when the moon shines brilliantly,. 
dew is more freely deposited on these substances than at ojher times, and in 
this way putre&ctlon may be accelerated. With this result the moon has no 
connection. 

It is a traditional idea with many that a long and violent storm usually^ 
accompanies the period of the equinoxes, especially the autumnal ; but the 
examination of weather records for sixty-four years has shown that no 
particular day can be pointed out in the month of September (when the 
" equinoctial storm" is said to occur) upon which there ever was, or ever will 
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be, a so-called equinoctial storm. Tfaa &d^ however, should Bot be concealed, 
that, taking the average for the five days embracing the equinox for the 
period above stated, the amount of rain is greater than for any other five 
dajs, by three per cent, throughout the month. 

Observations recorded for a long period have proved that the phenomenon 
of the aurora borealia, which is said to precede a storm, is as often followed 
by &lr, as by foul weather. 

Meteorological records, kept for eighty years at the observatory of Green- 
wich, England, seem to show that groups of warm years alternate with cold 
ones in such a way as to render it probable that the mean annual tempera- 
tures rise and &11 in a series of curves, corresponding to periods of abont fou^ 
teen years. 

There is little doubt that some animals and insects are able to foretell 
changes in the weather, when man &ils to perceive any indications of the 
same. Thus some varieties of the land-snail only make their appearance be- 
fore a rain. Some other varieties of land crustaceous animals change their 
color and appearance twenty-four hours before a rain. 

For a light, short rain, some trees have been observed to incline their leaves^ 
so as to retain water ; but for a long rain, they are so arranged as to conduct 
the water away. 

The admonition given several thousand years ago, is equally sound in its 
philosophy at the present day : " He that observeth the winds shall not sow; 
and he that regardeth the clouds shall not reap." — Ecdes,j zL 4. 



CHAPTER XIV. 

LIGHT. 



What ii Light? 639. Light is the physical agent which oc- 
casions, by its action upon the eye, the sensa- 
tion of vision. 

What Is th« 640. Optics is the name given to that de- 

gd^M of Op- partment of physical science which treats of 

vision, and of the laws and properties of light.* 

, Between the efe and any visible object a space of greater or less exteni 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is so great, that the mind 
Is unable to form any adequate conception of it. Yet we recognize the ex- 
istence of objects at such distances, by the physical effect which they produce 
on our organs of vision. 

* From the Greek word " O)rro/ia(/* to Me. 
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What theoriei ^^' ^^ ^^^^ ^ explain how sueh a result is poBsibl©, or 
of light have in other words, to account for the origin of light, two theories 
been proposed f ^y^ ^g^^ proposed, which are called the Corpuscular and 
the Undulatort Theories. 

What is th« The CoRPXTScuLAR Theory supposes that a 
SXr**!f distant object becomes visible to us by emit- 
^*^" ting particles of matter from its surface, which 

particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so affect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemblance be- 
tween the eye and the organs of smelling. Thus, we recognize the odor of 
an object in consequence of the material particles which pass from the object 
to the organs of smelliog, and there produce a sensation. In the same 
manner, a visible object at any distance may bo supposed to send Ibrth parti- 
cles of light, which move to the eye and produce vision, by acting mechan- 
ically on its nervous structure, as the odoriferous particles of a rose produce a 
sensible effect upon the organs of smelling. 

What iB the The Undulatory Theory supposes that 
Th^^*?^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pro- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear ; the vibrations, or undulations of the ethereal medium being supposed 
to pass along the space intervening between the visible object and the eye in 
the same manner that the undulations of the air, produced by a sounding body, 
pass through the air between it and the ear. 

Which of the '^^^ Corpuscular Theory was sustained by Newton, and was 
two theories of fi>r a long time generally believed. At the present day it is 
l^*receSr«l?" *^ost entirely discarded, and the Undulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satia&ctory manner nearly all the phenomena of light, which 
the Corpuscular Theory does not 

K the Corpuscular Theory be correct, a common candle is able to fill for 
hours, with particles of luminous matter, a circle four miles in diameter, since 
it would be visible, under favorable circumstances, in every portion of this 
space. light, moreover, has no freight ; the largest possible quantity col- 
lected in one point and thrown upon the most sensitive balance, does not 
affect it in the slightest degree. 
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• 

wiuit are the The chief sources of light are the sun, the 
2i£itr°"** stars, fire or chemical action, electricity, and 
phosphorescence. 

UDder the head of chemical action are indaded all the forms of artificial 
%ht which are obtained bj the homing of bodie& Examples c^ light pro- 
duced by phosphorescence, as it is called, are seen in the glow of old and de> 
cajed wood, and in the light emitted by fire-flies and some marine animalsi 

642. AH bodies are either luminoas or non-latninous. 
What te a In. Laminous bodies are those which shine by 
minoaebodjf ^^^j^ own light; such, for example, as the 
sun, the flame of a candle, metal rendered red hot, etc. 

All solid bodies, when exposed to a sufficient degree of heat, become lu- 
minous. It has been recently proved* that all solids begin to emit light at 
the same degree of heat, viz., 911^ of Fahrenheit's thermometer. As the 
temperature riseSi the brilliancy of the light rapidly increases, so that at a 
temperature of 2600o it is almost forty times as intense as at 1900c>. q^^^^ 
must be heated to a much greater extent before they begin to emit hght 

What ii anon- NoH-luminous bodics are those which pro- 
laminouabodyf ^^^^ ^^ jjgij^ themselves, but which may be 

rendered temporarily luminous by being placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects in an apartment luminous, and 
therefore visible; but the moment the sun or candle is withdrawn, they be- 
come invisiblei 

What are trana- Transparent bodies are those which do not 
parent bodies f interrupt tho passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What are Opaquc bodics are those which do not permit 
opaqnebodiesf n^y^^ ^0 pass through them. The metals, 
stone, earth, wood, etc., are examples of opaque bodies. 

Transparency and opacity exist in different bodies in very different degreea 
We can not clearly explain what there is in the constitution of one masa of 
matter, as compared with another, which fits the one to transmit light, ai4 
the other to obstruct it; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent, or per- 
fectly opaque. Some light is evidently lost in passing even through spacer 
and still more in traversing our atmosphere. It has been calculated that the 
atmosphere, when the rays of the sun pass perpendicularly through it^ intex^ 
• By Prof, J. W. Draper. 
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cept from one fifth to one fourth of their )ight: bat when the sun is near the 
horizon, and the mass of air through which the solar rays pass is consequently 
vastly increased in thickness, only 1-2 12th part of their light can reach the 
Bur&ce of the earth. If our atmosphere, in its state of greatest density, could 
be extended rather more than 700 miles from the earth's sur&ce, instead of 
40 or 50, as it is at present, the sun's rays could not penetrate through it, 
and our globe would roll on in darkness. Bodies, on the contrary, which 
are considered as perfectly opaque, wiU, if made sufficiently thin, allow light 
to pass through them. Thus, gold-leaf transmits a soft, green light 
, ^ 643. Light, from whatever source it may be 

In what m«n- , . , . i . • i . 

ner is light denved, moves, or is propagated m straight 
^^^""^ lines, so long as the medium it traverses is 

uniform in density. 

If we admit a sunbeam through a small opening into a darkened chamber, 
the path which the light takes, as defined by means of the dust floating in 
the air, is a straight line. 
--. ^ ^ , It is for this reason that we are unable to see through a 

Wnftt pTmcncu , , . i 

applications are bent tube, as we can through a straight one. 

movement **of ^^ taking aim, also, with a gun or arrow, we proceed upon 
Ughtin straigfat the supposition that light moves in straight lines, and try to 
^°®"' make ^e projectile go to the desired object as nearly as pos- 

sible by the path along which the light comes firom the object to the eye. 

FiO, 229. 




Thus, In Fig. 229, the line A B, which represents the line of sight, is also the 
direction of a line of light passing in a perfectly straight direction from the 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of determin* 
ing the accuracy of his work. If the edge of the plank be straight and uni- 
form, the light from all points of its sur&ce will come to the eye regularly and 
uniformly ; if irregularities, however, exist, they will cause the light to be 
Irregular, and the eye at once notices the confusion and the point which oo* 
casions it 

What is a ray 644. A ray of light is a line of particles of 
ofHi^t? light, or the straight line along which light 
passes from any luminous body. 

A luminous body is said to radiate its lights because the light issues fix>m 
It in every direction in straight lines. 
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^ . . ^ When rays of light radiate from any lumin- 

Explalii the -i i i -i. n ■• 

dirersenoe of 0U8 Dody, they diverffC irom one another, or 
tney spread over more space as they recede 
from their source. 

Fig. 230 represents the maimer of the diverg- Fia. 230. 

enoe. 

■whatiitheiair The surfaces covered, or 
^divergenoef iHuminated by rays of 
light diverging from a luminous cen- 
ter, increase as the squares of the 
distances. 

Thus, a candle placed behind a window will illuminate a certain space on 
the wall of a house opposite. If the wall is twice as fiir from the candle as 
from the window, the space illuminated by it will be four times as large as 
the window. If the wall be removed to three times the distance, the surface 
covered by the rays of light will be nine times as large, and so on. 

A collection of radiating rays of light, as shown in Fig. 230, constitutes 
what is called a " pencil of light" 

,^ A thousand, or any number of persons, are able to see the 

great number Same object at the same time, because it throws off from its 
of persons able surface an infinite number of rays in all directions; and one 
object at the person sees one portion of these rays, and another person 
same time? another. 

Any number of rays of light are able to cross each other, in the same space, 
without jostling or interfering. If a smaU hole be made from one room to 
another through a thin screen, any number of candles in one room will shine 
through this opening, and illuminate as many spots in the other room as there 
are candles in this, all their rays crossing in the same opening, without hinder- 
ance or diminution of intensity ; just as sounds of different character proceed 
through the air and communicate to the ear, each its own particular tone, 
without materially interfering with each other. 

Bays of light which continually separate as 
sai/to* be F- they proceed from a luminous source, are called 
vl^l; ?nd Diverging Bays. Bays which continually ap- 
^*' ^ proach each other and tend to unite at a com- 

mon point, are called Converging Bays. Bays which move 
in parallel lines, are called Parallel Bays. 
What is a 645. When rays of light, radiated from a 

shadow? luminous point, through the surrounding 
space, encounter an opaque body, they will (on account 
of their transmission in straight lines) be excluded from 
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Under what 
eircumstances 
wiU the size of 
a shadow he 
Increased or 
diminished? 



Pig. 231. 



the space behind such a body. The comparative dark- 
ness thus produced is called a shadow. 

When the light-giving surface is greater than the body casting the shadow, 
a cross section of the shadow thrown upon a plane surface will be less than 
the body; and less, moreover, the further this surface is from the body, for 
the shadowed space terminates in a point. 

When the luminous center is smaller than the opaque body casting tht 
shadow, the shadow will gradually increase in size with the distance, without 
limit; thus the shadow of a hand held near a candle, and between a candle 
and the wall, is gigantic. 

If the shadow of any object be thrown on a wall, the closer 
the opaque body is l^d to the light-producing center, as a 
candle, for example, the larger will be its shadow. The rea- 
son of this is, that the rays of light diverge from the center 
in straight linos, like Imes drawn from the center of a circle ; 
and therefore the nearer the object 
is held to the center, the greater 
the number of rays it intercepts. 
Thus, in Fig. 231, the arrow A, held 
close to the candle, intercepts a large 
number of rays, and produces the 

1 ^_^__ ^ shadow B F; while the same ar- 

-fcr.VjT'^ " T i row held at 0, intercepts a smaller 

***-^..''^ " — X i number of rays, and produces only 

*''''^..,^^^ ^ *""■"" — "^ the little shadow D E. 
^*""*^ « When two or more luminous ob- 

jects, not in the same straight line, 
shine upon the same object, each on© 
will produce a shadow. 

646. The intensity of light which issues 
from a luminous point diminishes in the same 
proportion as the square of the distance from 
the luminary increases. 

Thus, at a distance of two feet, the intensity of light will be one fourth of 
what it is at one foot; at three feet the intensity will be one ninth of what it 
is at one foot. In other words, the amount of illumination at the distance of 
one foot from a single candle would be the same as that from four, or nine 
candles at a distance of two or three feet, the numbers four and nine being 
the squares of the distances two, and three, from the center of illumination. 
64*7. This law, therefore, may be made available for meas- 
urmg the relative intensities of light proceeding from different 
sources. Thus, in order to ascertain the relative quantities of 
light furnished by two different candles, as, for example, a 
wax and a tallow candle, place two discs or sheets of white 
13* 




How does the 
intensity of 
light vary? 



TTpon what 
principle may 
.the relative in- 
tensities of 
different in- 
mlnous bodies 
be ascertained? 
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papor, a few feet apart on a wall, and throw the light of one candle on one 
disc, and the light of the other candle upon the other disc. If they are of 
onequal illuminating power, the candle which affords the most light must 
be moved back until the two discs are equally illuminated. Then, by meas- 
uring the distance between each candle and l^e disc it illuminates, the lum- 
inous intensities of the two candles may be calculated, their relative intensi- 
ties being as the squares of their distances from the illuminated discs. I( 
when the discs are equally illuminated, the distance from one candle to its 
disc is double the distance of the other candle from its disc, then the first 
candle is four times more lummous than the second; if the distance be triple, 
it is mne times more luminous, and so on. 

Instruments called " Photometers," operating in a similar manner, have also 
been constructed for measuring the relative intensity of two luminous bodies. 
Their arrangement and plan of operation is substantially the same as in the 
method described. 

648. The light of the sun greatly exceeds in 
most intense intensity that derived from any other lumin- 

Mght known! , J "^ 

0U8 body. 

The most brilliant artificial lights yet produced, are very &r inferior to the 
splendor of the solar light, and when placed between the disc of the sun and 
the eye of the observer, appear as black spots. 

Dr. Wollaston has calculated that it would require twenty thousand mil- 
lions of the brightest stars like Sirius to equal the light of the sun, or that 
that orb must be one hundred and forty thousand times further fi'om us than 
he is at present, to be reduced to the illuminating power of Sirius. 

The light of the fiill moon has also been estimated as three hundred thou- 
sand times less intense than that of the suiu 

During the day the intensity of the sun's light is so great as to entirely eclipse 
that of the stars, and render them invisible ; and for the same reason, we only 
notice the light emitted by fire-fiies and phosphorescent bodies in the dark. 

Are the more- 649. Light does not pass instantaneously 
toSStiJn^uB? through space, but requires for its passage from 

one point to another a certain interval of time. 
With what ve- The vclocity of light is at the rate of about 
iSi^il**^"^^* one hundred and ninety-two thousand miles in 

a second of time. 

\^^ Light occupies about eight minutes in traveling fix)m the 

lustrations of sun to the earth. To pass, however, ih)m the planet 
^htY*^*^ ®' Uranus to the earth, it would require an interval of three 
hours. 
The time required for light to traverse the space intervening between the 
nearest fixed star and the earth, has been estimated at 3^ years ; and from 
the furthest nebuke, a period of several hundred years would be requisite, so 
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immense is their distance from our earth. I^ therefore, one of the remote fixed 
stars were to-daj blotted from the heayens, several generations on the earth 
would have passed away before the obliteration could be known to man. 

The following comparison between the velocity of light and the speed of a 
locomotive engine has been instituted : — flight passes from the sun to the 
earth in about eight minutes ; a locomotive en^o, traveling at the rate of 
a mile in a minute, would require upward of one himdred and eighty years to 
accomplish the same journey. * 

Who fir«t as. 650. The velocity of light was first deter- 
rSSStyofij^ht? Biiiied hy Von Roemer, an eminent Danish 
astronomer^ from ohservations on the satellites 
of Jupiter. 

Explain fhe ^® method by which Von Roemer arrived at this result 
method by maybe explained as follows: — The planet Jupiter is sup- 
locifrr of ^ight rounded by several satellites, or moons, which revolve about 
waa determined ' it in certain definite times. As they pass behind the planet^ 
ofJu^teJ^^BaE *^®y disappear fix)m the sight of an observer on the earth, or 
eiutea. in other words, they undergo an eclipse. 

Tlie earth also revolves in an orbit about the sun, and in the course of its 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit Suppose, 
now, a table to be calculated by an astronomer, at the time, of year when the 
earth is nearest to Jupiter, showing, for twelve successive months, the exact 
moment when a particular satellite would be observed to be eclipsed at that 
point Six months afterward, when the earth, in the course of its revolution, 
has atUuned a point 192 milUous of miles more remote from Jupiter than it 
formerly occupied, it would be found that the eclipse of the satellite would 
occur sixteen minutes, or 960 seconds, later than the calculated time. This 
delay is occasioned by the &ct that the light has had to pass over a greater 
distance before reaching the earth than it did when the earth was in the op- 
posite part of its orbit, and if it requires sixteen minutes to pass over 192 mil- 
lions of miles, it will require one second to move over 200,000 miles. When, 
on the contrary, the earth at the end of the succeeding six months has as- 
sumed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse will occur sixteen minutes earlier, or at the exact calculated time given 
in the tables. The velocity of light, therefore, in round numbers, maybe con- 
sidered as 200,000 miles per second.* A more exact calculation, founded on 
perfectly accurate data^ gives as the true velocity of light 192,600 miles per 
second. 

* The explanation above given will be made clear by Teference to the following dia- 
gram. Fig. 232. 8 repretentB the ran, a b the orbit of the earth, and T T' the position of 
fhe earth at dilFerent and opposite points of its orbit J represents Jnpiter, and E its 
satellite, abont to be eclipsed by passing within the shadow of the planet. Now the time 
of the commencement or termination of an eclipse of the satellite, is tiie instant at which 
the satellite would appear, to an observer on the earth, to enter, or emerge from the 
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Seyeral other plans have been devised for determining the yelodty of light) 
the results of which agree yery nearly with those obtained by the observation^ 
on the satellites of Jupiter.* 
When i> light 651. When a ray of light strikes against a 

reflected? surface, and is caused to turn back or rebound 
in a direction different from whence it proceeded, it is said 
to be reflected, • 

wh»t If ah- 652. When rays of light are retained upon 
jw^tion of ^ijg surface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reflection. 

The question as to what beoomes of the light which is absorbed by a body, 
can not be satisfactorily answered. In all probability it is permanently re* 
tained within the substance of the absorbing body, since a body which absorbs 
light by continued exposure, does not radiate or distribute it again in any 
way, as it might do if it had absorbed heat 

shadow of the planet If the transmission of light were instantaneous, it is obvious that 
an observer at T% the most remote part of the earth* s orbit, would see the eclipse begin 
and end at the same moment as an observer at T, the part of the earth* s orbit nearest to 
Jupiter. This, however, is not the ease, but the observer at lY sees the eclipse 960 sec 
onds later than the observer at T ; and as the distance between these two stations is 198 
millions of miles, we have, as the velocity of Ught in one second, 192,000,000-1-9603 
200,000. 

Fig. 282. 




* A very ingenious plan was devised a few years since by M. Fizean of Paris, by which 
the velocity of artificial light was determined and found to agree with that of solar light. 
A disc, or wheel, carr3ring a certain number of teeth upon its circamference, was made to 
revolve at a known rate : placing a tube behind these, and looking at the open spaces be* 
tween the teeth, they become less evident to sight, the greater the velocity of the moving 
wheel, until, at a certain speed, the whole edge appears transparent The rate at which 
the wheel moves being known, it is easy to determine the time occupied while one tooth 
passes to take the place of the one next to it. A ray of light is made to traverse many 
miles through space, and then passes through the teeth of the revolving disc It moves 
the whole distance in just the time occupied in the movement of a single tooth to thsplao^ 
«f another at a certain speed. 



BEFLECTION OF LIGHT, 301 

SECTION I. 

BEFLECTION OP LIGHT. 

What occurs 6^3. When rays of light fall upon any sur- 
?]^?aSy*BS! face, they may be reflected, absorbed, or 
^***^ transmitted. Only a portion of the light, 

however, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 

When does a 654. When the portion of light reflected 
iSteand^^ from any surface, or point of a surface, to the 
^^^^ eye is considerable, such surface, or point, ap- 

pears white ; when very little is reflected, it appears dark- 
colored; but when all, or nearly all the rays are absorbed, and 
none are reflected back to the eye, the surface appears black. 

Thus, charcoal is black, because it absorbs all the light which fiills upon it, 
and reflects nona Such a body can not be seen unless it is situated near 
other bodies which reflect light to it 

According to a variation in the manner of reflecting light, the same surface 
which appears white to an eye in one position, may appear to be black from 
another point of view, as frequently happens in the case of a mirror, or of 
any other bright, or reflecting surface. 

What are good Dcuse bodics, particularly smooth metals, 
KghT?**" *"' reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How are tion- 655. All bodics uot lu themsclves luminous, 
ISdered ^^t* become visible by reflecting the rays of light. 
^^^ It is by the irregular reflection of light that most objects in 

nature are rendered visible; since it is by rays which are dispersed from re- 
flecting surfaces, irregularly and in every direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
sur&ce of non-luminous bodies, we should see merely the image of the lumin- 
ous object, and not the reflecting surface.* In the day-time, the image of the 
Bun would be reflected from the surface of all objects around us, as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artificial lights were placed would reflect these lights 
from the walls and other objects as if they were mirrors, and all that would 
be visible would be the multiplied reflection of the artificial lights. 

• In a very good mirror we scarcelj perceive the reflecting surface intervening betireen 
OB and the images it ■hows tu. 
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whrnt «Aet hAs "^® atmcwphere reflects light irregularly, and every particle 
thfl Bfemooohere of air ia a luminous center, which radiates light in eyery direo- 

ISSnonLht? ' *^®"- ^^^ ^* ^°* ^^^ ^^ ^^ ^""^'^ ^^* would only illumi- 
nate those spaces which are directly accessible to its rays, and 

darkness would instantly succeed the disappearance of the sun below the horizon. 
656. Any surface which possesses the power 
of reflecting light in the highest degree is called 



What is a 
Mirror? 

a Mirror. 



Into boir many 
elaoMs aro mir- 
rors diridedf 




Mirrors are divided into three general classes, 
without regard to the material of which they con- 
sist, viz., Plane, Concave, and Convex Mirrors. 

These three varieties of mirrors are represented in Fig.- 
233; A, being plane, like an ordinary lookmg-glass; B, 
concave, like the inside of a watch-glass; and G, convex, 
like the outside of a watch-glass. 

What is fbs 657. When light falls upon 
thTJiZiti^ ^ plane and polished surface, 
of light? ^jjg angle of reflection is equal 

to the angle of incidence. 

This is the great general law which governs the reflec- 
tion of light, and is the same as that which governs the 
motion of elastic bodiea 
Thus, in Fig. 234, let A B be the direction of an inci- 

Fio 234 ^®°* ™y of light, fellmg on a mirror, P a 

p It will be reflected in the dhwtion B EL 

If we draw a Ime, D B, perpendicular to 
the surface of the mirror, at the point of 
reflection, B, it will be found that the 
angle of incidence, A B D, is predsely 
equal to the angle of reflection, E B D. 

The same law holds good in 
regard to every form of surface, curved as well as plane, 

since a curve may be supposed 
to be formed of an infinite num- 
ber of little planes. 

Thus, in Fig. 235, the incident ray, E G, 
fitlling upon the concave surfistoe, a C b, 
will still be reflected, in obedience to the 
same law, in the direction C D, the angle 
being reckoned from the perpendicular to 
that point of the curve where the incident 
ray falls. The same will also be true of 
the convex surface, A B. 
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What is meant 658. An image, in optics, is the figure of 
by an image! J^^y object made by rays proceeding from the 
several points of it. 

What is a com 659. A common looking-glass consists of a 
mo^^ oo ng- gj^^g plate, having smooth and parallel sur- 
faces, and coated on the back with an amalgam^ of tin 
and quicksilver. 

How are the im- ^^® images fonucd in a common looking-glass 
a!oSkto"dfJ? ^^® mainly produced by the reflection of the 
rays of light from the metallic surface attached 
to the back of the glass, and not from the glass itself 

The effect may be explained as follows: — A portion of the light incident 
upon the anterior surface is regularly reflected, and another portion irregu- 
larly. The first produces a veiy fiunt unage of an object placed before the 
glass, while the other renders the sur&ce of the glass itself visibla Another, 
and much greater portion, however, of the light falling upon the anterior sur- 
face passes into the glass and strikes upon the brilliant metallic coating upon 
the back, fix>m which it is regularly reflected, and returning to the eye, pro- 
duces a strong image of the object. There are, therefore, strictly speaking, 
two images formed in every looking-glass — ^the first a &int one by the light 
refiected regularly firom the anterior surface, and the second a strong one by 
the light reflected from the metaUic sur&ce ; and one of these images will be 
before the other at a distance equal to the thickness of the glass. In good 
mirrors, the superior briiliancy of the image produced by the metallic surface 
will render the faint image produced by the anterior surface invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the sur&ces of the mirror could be so highly polished as to reflect regu- 
larly all the light incident upon it, the mirror itself would be invisible, and the 
observer, receiving the reflected light, would perceive nothing but the images 
of the objects before it This amount of polish it is impossible to effect arti- 
ficially, but in many of the large plate-glass mirrors manufactured at the pres^ 
ent time, a high degree of perfection is attained. Such a mirror placed ver- 
tically against the wall of a room, appears to the eye merely as an opening 
leading into another room, precisely similar and similarly fiimished and illum- 
inated ; and an inattentive observer is only prevented firom attempting to 
walk through such an apparent opening by encountering his own image is 
he approaches it 

nwui- ^^^' '^ pl*"'°® mirror only changes the direc- 

ner d^ a tiou of the rays of light which fall upon it, 

reflect rays of without altering their relative position. If 

they fall upon it perpendicularly, they will be 

* An amalgmn is a mixture or compound of qoiduilyer and some other metaL 
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reflected perpendicularly ; if they fall upon it obliquely, 
they \?ill be reflected obliquely ; the angle of reflection 
being always equal to the angle of incidence. 

If the two sur&oes of mirrors are not paralle], or uneyen, 
then the rays of light felling upon it will not be reflected regu- 
larly, and the image will appear distorted. 

661. We always seem to see an object in the 
direction from which its rays enter the eye. A 
mirror, therefore, which, by reflection, changes 
the direction of the rays proceeding from an 
object, will change the apparent place of the object. 

Thus, if the rays of a candle fell obliquely upon a mirror, and are reflected 
to the eye, we shall seem to see the candle in the mirror in the direction 
in which they proceed after reflection. 

If we lay a looking-glass upon the floor, with its face uppermost, and place 
a candle beside it, the image of the candle will be seen in the mirror, by a 
person standing opposite, as inverted, and as much below the surfeoe of the 
glass as the candle itself stands above the glass. The reason of this is, that 
the incident rays from the candle which fell upon the mirror are reflected to 

the eye in the same 
^^' 236. direction that they 

^ would have taken, had 
they really come from 
a candle situated as 
much below the sur- 
fece of the glass, as 
the flrst candle was 
above the surfeoe. 
This fact will be 
clearly shown by re- 
ferring to Fig. 236. 
When we look into a plane mirror (the common looking-glass) tlie rays of 
light which proceed from each point of our body before the mirror will, after 
reflection, proceed as if they came from a point holding a corresponding por- 
tion behind the mirror ; and therefore produce the same eSbct upon itie eye 
of the observer as if they had actually come from that point The image 
in the glass, consequently, appears to be at the same distance behind the 
surface of the glass, as the object is before it 

Let A, Fig. 237, be any point of a visible object placed before a looking^ 
glass, M N. Let A B and A G be two rays diverging from it, and reflected 
from B and C to an eye at 0. Aft;er reflection they will proceed as if they 
had issued from a point, o^ as fer behind the surface of the looking-glass 
as A is before it— that is to say, the distance A N will be equal to th« 
distance N a. 
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Por this reason our reflection in FiQ. 23*7. 

a mirror seems to approach us when 
we walk toward it, and to retire 
fit)m us as we retire. 

Upon the same principle, when 
trees, buildings, or other objects 
are reflected from the horizontal 
surface of a pond, or other smooth 
sheet €i water, they appear in- 
rerted, since the light of the object, 
reflected to our eyes from the 
surface of the water, comes to us 
with the same direction as it 
would have done, had it proceeded 
directly from an inverted object 
in the water. 

In Fig. 238, the light proceed- 

FiQ. 238. ^S ^™ *^® arrow-head. A, strikes the water 

at P, and is reflected to D, and that from 
the barb, B, strikes the water at E, and is 
t\ y^ reflected to C. A spectator standing at G- 

I \ y/ will see the reflected rays, E G- and P G, as 

if they proceeded directly from and D, and 
the image of the arrow will appear to be lo- 
cated at C D. 

It is in accordance with the law that the 
angles of incidence are equal to the angles of 
reflection, that a person is enabled to see his whole figure reflected from the 
Bur&ce of a comparatively small mirror. Thus, in Fig. 239, let a person, C D, 

be placed at a suitable distance from a mir- 
ror, A B. The rays of light, C A, proceed- 
ing from the head of the person, fall perpen- 
dicularly upon the mirror, and are therefore 
reflected back perpendicularly, x)r in the 
same line; the rays B D proceeding from 
* ^ the feet, however, &11 obliquely upon the 
mirror, and are therefore reflected obliquely, and reach the eye in the same 
direction they would have taken had they proceeded from the point F behimd 
the mirror. 

Is the same 662. The quantity of light reflected from a 
SSwtS^at*^ given surface, is not the same at all angles, or 
an0e«f inclinations. When the angle or inclination 

with which a ray of light strikes upon a reflecting surface 
is great, the amount of light reflected to the eye will be 
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considerable ; when the angle^ or inclination is small, the 
amount of light reflected will be diminished. 

Thus, for example, when light &lls perpendicularly upon the sur&tce of 
glass, 26 rays out of 1,000 are returned ; but when it &lls at an angle of 
86°, 660 rays out of 1,000 are returned. 

Thus, a surface of unpolished glass produces no image of an object by re- 
flection when the rays fall on it nearly perpendicularly ; but if the flame of a 
candle be held in such a position that the rays fall upon the sur&ce at a very 
■mall angle, a distinct image of it will be seen. 

We have in this an explanation of the &ct, that a spectator standing upon 
the bank of a river sees the images of the opposite bank and the objects upon 
it reflected in the water most distinctly, while the images of nearer objects 
are seen imperfectly, or not at alL Here the rays coming from the distant 
objects ^ke the surface of the water very obliquely, and a sufficient number 
are reflected to make a sensible impression upon the eye ; while the rays pro- 
ceeding from near objects strike the water with little obliquity, and the l^t 
reflected is not sufficient to make a sensible impression upon the eye. 

This &ct may be clearly seen by reference to Fig. 240. 

Fig. 240. 




Let S be the position of the spectator ; and B the position of distant 
objects. The rays B and B B which proceed from them, strike the surface 
of the water very obliquely, and the light which is reflected in the direction 
E S is sufficient to make a sensible impression upon the eye. But in regard 
to objects, such as A, placed near the spectator, they are not seen reflected, 
because the rays A B^ which proceed from them strike the water with but 
little obliquity ; and consequently, the part of their light which is reflected 
in the direction B' S, toward the spectator, is not sufficient to produce a sea* 
Bible impression upon the eye. 

What is the 663. If an object be placed between two 
pfrauei^'^pune pl^ne mirroFS, each will produce a reflected 
mirrors? image, and will also repeat the one reflected 

by the other — the image of the one becoming the object 
for the other. A great number of images are thus pro- 
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duced, and if the light were not gradually weakened by 
loss at each successive reflection^ the number would be in- 
finite. 

If the mirrors are placed so as to form an angle with each other, the num- 
ber of mutual reflections will be diminished, proportionably to the extent of 
the angle formed by the mirrors. 

-. ^ ^. The construction of the optical Instrument called the Kalei- 

DetcriDe tne _ ,, ,., , ■,.,.."« 

KAieidoMope. doBCope is based simply upon the multiphcation of an miage 

by two or more mirrors inclined toward each other. It coi^- 
■ists of a tube containing two or more narrow strips of looking-glass, which 
run through it lengthwise, and are generally inclined at an angle of about 
60^. If at one end of the tube a number of small pieces of colored glass 
and other similar objects are placed, they will be reflected fix)m the mirrors 
in such a way as to form regular and most elegant combinations of figures. 
An endless variety of symmetrical combinations may be thus formed, since 
every time the instrument is moved or shaken the objects arrange themselves 
differently, and a new figure is produced. 

Upon the sur&ce of smooth water the sun, when it is nearly 
vertical, as at noon, appears to shine upon only one spot, 
all the rest of the water appearing dark. The reason of this 
is, that the rays &11 at various degrees of obliquity on the 
water, and are reflected at similar angles ; but as only those 
which meet the eye of the spectator are visible, the whole sur- 
face will appear dark, except at the point where the reflection occurs. 

YiQ 241 Hhvoj in Fig. 241, of the rays 

S A, S B, and S C, only the ray 
S G meets the eye of the specta- 
tor, D. The point 0, therefore, 
will appear luminous to the spec- 
tator D, but no other part of the 
8Ui&ce. 
Another curious optical pheno- 
I menon is seen when the rays of 
the sun, or moon fiUl at an angle 
upon the surface of water gently 
agitated by the wind. A long, 
tremulous path of light seems to 
be formed toward the eye of the 
spectator, while all the rest of the 
sur&ce appears dark. The reason 
of this s^pearance is, that every little wave, in an extent perhaps of miles, haa 
some part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
mentary gleam, which is succeeded by others. 
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wiuittaac<m- 664. A concavG mirror maybe considered 
**^* ' as the interior surface of a portion, or segment 
of a hollow sphere. 

This is clearly shown in Fig. 242. 

A concave mirror may be represented by a bright spoon, or the reflector of 
a lantern. 

Howareparai- When parallel rays of light fall upon the 
ISfJS"*!^ surface of a concave mirror, they are reflected 
oare mirror? ^j^^ causcd to coQverge to a poiut half way 
between the center of the surface and the center of the 
curve of the mirror. This point in front of the mirror is 
called the principal focus of the mirror. 

Thus, in Fig. 242, let 1, 2, 3, 4, etc., be ^^ ^^^ 

parallel rays falling upon a concave mir- 
ror ; they will, after reflection, be found con 
verging to the point o, the principal focus, 
which is situated half way between the ^ ; 
center of the sur&ce of the mirror and J 

the geometrical center of the curve of the f" 
mirror, a. 

665. Concave 



I- 



fir- 




Why are con- 

SredTurnin" mirrors are some- 
"^™"' times designated 

as "Burning Mirrors," since 
the rays of the sun which fall upon them parallel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree as the 
area of the mirror exceeds the area of the focus.* 

666. Divereinff rays of light issuing from a 

In what man- . i , T j ^ xi x r li- 

ner arcdiverg. lumiuous Dody placcd at the center oi tne curve 

fleeted from a of a concavo sphcrfcal mirror, will be reflected 

concay* m - jjg^^Jj ^.^^J^g q^jj^q pQjjj^fj.QHj^lji(j]jttlQy(Jiyerge(L 

• A burning mirror, 20 inches in diameter, constructed of plaster of Paris, gflt and bur- 
nished, has been found capable of igniting tinder at a distance of 60 feet. It is related 
that Archimedes, the philosopher of Syracuse, employed burning mirrors SOO years before 
the Christian era, to destroy the besieging nary of Marcellus, the Roman consul ; his 
mirror was probably constructed of a great number of flat pieces. The most remarkable 
experiments, however,, of this nature, were made by Buffon, the eminent French natural- 
ist, who had a machine composed of 168 small plane mirrors, so arranged that they all 
reflected radiant heat to the same focus. By means of this combination of reflecting sur- 
faces he was able to set wood on fire at the distance of 209 feet, to melt lead at 100 feefci 
and silrer at 60 feet. 
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FiQ. 243. Thus, if A B, Fig. 243, were a concave spheri- 

cal mirror, of which were the center, rays issu- 
ing from wouldj in obedience to the law that 
the angle of incidence and reflection are equal, 
meet again at C. 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
the principal focus, half way between the center of the sur- 
face and the center of the curve of the mirror, will be re- 
flected in parallel lines. 

Thus, in Fig. 244^ if F represent a can- -piOt. 244. 

die placed before a concave mirror, ABO, 

half way between the center of its surface, 

B, and the center of its curve, 0, its rays, 

felling upon the mirror, will be reflected * " 

in the parallel lines d efg h 
This principle is taken advantage of in ^^ 

the arrangement of the illuminating and 

reflecting apparatus of light-houses. The lamps are placed before a concave 

mirror, in its principal focus, and the rays of light proceeding fix)m them are 

reflected parallel from the sur&ce of the mirror. 

When the rays issue from a point, P, Fig. 
245, beyond the center, C, of the curve of the 
mirror, they will, afl;er reflection, converge to 
a focus, /, between the principal focus, F, and 
the center of the curve, 0. 

On the contrary, if the rays issue from a 
point between the principal focus, F, and the 
surface of the mirror, they will diverge after 
reflection. 

667. Images are formed by concave mirrors 
fomeT^SS! in the same manner as by plane ones, but they 
cremixror.? ^^^ ^^ different sizc from the object, their gen- 
eral effect being to produce an image larger than the 
object. 

When an object is placed between a concave 
mirror and its principal focus, the image will 
appear larger than the object, in an erect posi- 
tion and behind the mirror. 

This will be apparent fit)m Fig. 246. Let a be an object situated 
within the focus of the mirror. The rays from its extremities will fell 
divergent on the mirror, and be reflected less divergent to the eye at h, 



Fia. 246. 
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as though thej proceeded firom aa ob- 
ject behind the mirror, as aX h. To an 
^. eye at b also, the image will appear 
f^^ larger than the object a, since the angle 
\ 1 of vision is larger. 

\ If the rays proceed from a distant body, 
\ as at E D., Fig. 24*7, beyond the oen^ 
\ tsr, 0, of a spherical concave mirror, A B; 
_.-^.j--j=r— ^gy ^^ j^j. reflection, be converged to 
a focus in front of the mirror, and some- 
what nearer to the center, 0, than the prin- 
upon any 



Fig. 247. 




cipal focus, and there paint 
substance placed to receive it, an im- 
age inverted, and smaller than the object; 
this image will be very bright, as all the 
light incident upon the mirror will be gath- 
ered into a small space. As the object 
approaches the muror. the image recedes 
from it and approaches ; and when, situ- 
ated at G, the center of the curve of the raicrar, t&e image will be reflected 
as large aft tiie object; when it la at any point between and/ supposing / 
to be tiie focus for parallel ntyn^ it will be reflected, enlarged, and more dis- 
tant from the minor tiuiL the object, this distance increasing, until the ob- 
ject arrives at/ and then the image becomes infinite, the rays being reflected 
pacalleL* 

668. When an object is further from the 
surfece of a concave mirror than its principal 
focus, the image will appear inverted ; but 
when the object is between the mirror and its 
principal focus, the image will be upright, and 
increase in size in proportion as the object is placed nearer 
to the focus. 

The &ct that images are formed at the foci of a concave mirror, and that by 
varying the distance of objects before the sur&ce of the mirror, we may vary 
the position and size of the images formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish and delude the ignorant Thua^ 
the mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the ra^'s from the object might be reflected 
from the mirror in such a manner as tL ^ass through an opening in the screen, 
and come to a focus at some distance beyond, in the air. If a doud of smoke 

* In all the eases referred to, of the reflection of Hght from concave mirrors, the aper- 
ture or cnnratare of the mirror is presumed to be inconsiderable. If it be increased be- 
yond a certain limit, the rays of light incident upon it are modified in tb«ir refleetioa 
from its ■ur&oeu 
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from burning incense word caused to ascend at this point, an image would be 
formed upon it, and appear suspended in the air m an apparently supernatural 
manner. In this way, terrifying apparitions of skulls, daggers, etc., were 
produced. 

669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 



What is a Con- 
▼azMlrrox? 

a sphere. 

Where is the 
princiiMd foeas 
•f a oonrex 
aiirrorr 




The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664) 
The focus in this case is called the virtual focus, because 
it is only an imaginary point, toward which the rays of 
reflection appear to be directed. 

Thus, let a b e d e, Fig. 248, be 
parallel rays incident upon a convex 
mirror, A B, whose center of curvature 
is 0. These rays are reflected diverg- 
ent, in the directions a b' c' d' e\ as 
though they proceeded fix)m a point, 
F, behind the mirror, corresponduig 
to the focus of a concave mirror. 

If the point G be the geometrical 
center of the curve of the mirror, the 
point F will Jdq half way between 
and the surface of the mirror ; as thift 
fix;u8 is only apparent, it is called the virtual focus. 

Eays of light falling upon a convex mtmn^ 

diverging, are rendered stiU more divei^nt by 

reflection from its surface ; and convei^nt 

laya aie reflected, dthar parallel or less con- 

Fig. 249. 
670. The general effect 

of convex mirrors is to 

produce an image smaller 

than the object itself. 

Thus, in Ilg. 249, let D E be an object placed 
before a convex mirror, A B ; the rays proceed- 
ing fit>m it will be reflected from the convex sur- 
feoe to the eye at H K, as though they proceeded 
from an object, d c, behind the mirror, thus pre- 
senting an image smaller, erect, and much nearer 
the mirror than the object. 
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Thus the globular bottles filled with colored liquid, in the window of a 
drugstore, exhibit all the variety of moving scenery- without^ such as car- 
riages, carts, and people moving in diJQTerent directions: the upper half of 
each bottle exhibiting all the images inverted, whQe the lower half exhibits 
another set of them in the erect position. 

Convex mirrors are sometimes called dispersing mirrors, as all the rays of 
• light which fiJl upon them are reflected in a diverging direction. 

Wh«t is c«- 671. That department of the science of 
toptrica? optics which treats of reflected light, is often 
designated as Catoptrics. 

SECTION II. 

BBFBAOTION OF LIGHT. 

What ta meant Light tmverses a given transparent sub- 
tionofiThtT P^^^^j "8^^^ ^ ^^^> water, or glass, in a straight 
line, provided no reflection occurs and there is 
no change of density in the composition of the medium ; 
but when light passes obliquely from one medium to an- 
other, or from one part of the same medium into another 
part of a different density, it is bent fix)m a straight line, 
or refracted. 

What la a me- 672. A medium, in optics, is any substance, 
dium in optica? g^jj^j^ liquid, Or gaseous, through which light 
can pass. 

A medium, in optics, is said to be dense or rare, according to its power of 
refracting light, and not according to its specific gravity. Thus alcohol, olive 
oil, oil of turpentine, and the like substances, although of less specific gravity 
than water, have a greater refractive power ; they are, theref(ffe, called denser 
media than water. 

673. The fundamental laws which govern the refi-action of light may be 
stated as follows : 

What laws gov- Whcu light passcs from one medium intc 
tiraoniiST"' another, in a direction perpendicular to the 
surface, it continues on in a straight line, with- 
out altering its course. When light passes obliquely from 
a rarer into a denser medium, it is refracted toward a 
perpendicular to the surface, and this refraction is in- 
creased or diminished in proportion as the rays falT more 
or less obliquely upon the refracting surface. 
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When light passes obliquely out of a denser into a rarer 
medium, it passes through the rarer medium in a more 
oblique direction, and further from a perpendicular to the 
surfiice of the denser medium. 

Fig. 260. ^^ ^ ^&- 250, suppose « m to represent the 

I sor&ce of water, and S a raj of light striking 
upon its surface. When the ray S enters the 
water, it will no longer pursue a straight course, 
but will be refracted, or bent toward the perpen- 
dicular line, A B, in the direction S 0. The denser 
the water or other fluid may be, the more the ray 
I S H will be refracted, or turned toward A B. 
I^ on the contrary, a ray of light, H 0, passes from 
the water into the air, its direction after leaving the water will bo farther from 
the perpendicular A 0, in the direction S. 

The effects of the refraction of Fio. 261. 

light may be illustrated by the fol- 
lowing simple experimenc : — Let a 
coin or any other object be placed 
at the bottom of a bowl, as at m. 
Fig. 251, in such a mannef that the 
eye at a can not perceive it, on ac- 
count of the edge of the bowl which 
intervenes and obstructs the rays of 
light. If now an attendant care- 
fully pours water mto the vessel, the 
coin rises into view, just as if the bottom of the basin had been elevated 
above its real level This is owing to a refraction by the water of the rajrs 
of light proceeding from the coin, which are thereby caused to pass to tho 
eye in the direction i t. The image of the com, therefore, appears at n, in thd 
direction of these rays, instead of at m, its true position. 

A straight stick, partly immersed in water, appears to be broken or bent 

at the point of immersion. This is owing to the &ct that the rays of light 

proceeding fix>m the part of the stick contained in the water are refracted, or 

FiO. 252. caused to deviate from a straight line as they pass from the 

water into the air ; consequently that portion of the stick 

immersed in the water will appear to be lifted up, or to 

be bent in such a manner as to form an angle with the 

part out of the water. 

The bent appearance of the stick in water is represented 
in Fig. 252. For the same reason, a spoon m a glass of 
water, or an oar partially immersed in water, always ap- 
pears bent. 

On account of this bending of light from objects under water, a person who 
endeavors to strike a fish with a spear, must, unless directly above the fish, 

14 
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aim at a point apparentlj below it, otherwise the weapon will miss, bj paas- 
ing too high* 

A river, or any clear water viewed obliquely firom the bank, appears more 
shallow than it really is, since the light proceeding fix>m the objects at the 
bottom, is refiracted as it emerges from the surface of the water. The depth 
of water, under such dicumstanoes, is about one third more than it appears, 
and owing to this <^tical deception, persona in bathing are liable to get be- 
yond their depth. 

Light, on entering the atmosphere, is re- 
phario refirao- fracted m a greater or less degree, m propor- 
tion to the density of the air ; consequently, 
as that portion of the atmosphere nearest the sur&oe 
of the earth possesses the greatest density, it must also 
possess the greatest refractive power. 

What ffeetbaa ^^ni ^^^ cause the sun and other celestial bodies are never 
refraction upon seen in their true situations, unless they happen to be verti- 
the mi^^ ^' ^ » "^^ *^® nearer they are to the horizon, the greater will 

be the influence of refraction in altering the apparent place of 
any of these luminariesi 

This forms one of the sources of errc»r to be allowed for in all astronomical 
observations, and tables are calculated for finding the amount of refraction, 
depending on the apparent altitude of the object, and the state of the barom- 
eter and thermometer. When the object is vertical, or nearly so, this error 
is hardly sensible, but increases rapidly as it approaches the horizon ; so tha^ 
in the morning, the sun is rendered visible before he has actually risen, and 
in the evening, after he has set 

For the same reason, momiog does not occur at the in- 
wuse of twi- ***^* °^ *^® ^^^ appearance above the horizon, or night 
li^tr set in as soon as he has disappeared below it. But both 

at morning and evening, the rays proceeding from the sun 
below the horizon are, in consequence of atmospheric refraction, bent 
down to the sur&ce of the earth, and thus, in connection with a reflect- 
ing action of the particles of the air, produce a lengthening of the day, termed 
twilight 

In what man- "^® *^® density of the air diminishes gradually upward from 
ner is light re- the earth, atmospheric refraction is not a sudden change of 
ftoS^hwe?* direction, as in the case of the passage of light fit)m air into 

water, but the ray of light actually describes a curve, being 
refracted more and more at each step of its progress. This applies to 
the light received from a distant object on the surface of the earth, which is 
lower or higher than the eye, as well as to that received from a celestial ob- 
ject, since it must pass through air constantly increasing or diminishing in 
density. Hence, in the engineering operation of leveling, this refraction must 
be taken into consideration. 
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ExDiain fhe ^''^ ^® application of the laws of refhiction of light ao- 
phenomflDa of count for many curious deceptive appearances in tiie at- 
^^^'Ase* mosphere, which are included under the general name of 

Mirage. In these phenomena, the images of objects &r remote are seen at an 
elevation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert, where the surface of the earth is highly heated by the sun, are often 
deceived by the appearance of water in the distance, surrounded by trees and 
villages. In the same manner at sea, the images of vessels at a great distance 
and below the horizon, will at times appear floating in the atmosphere. Such 
appearances are frequentiy seen with great distinctness upon the great Amer- 
ican lakes. These phenomena appear to be due to a change m the density of 
the strata of air which are immediately in contact with the surface of the earth. 
Thus it often happens that strata restix^ upon the land may be rendered much 
hotter, and those resting upon the water much cooler, by c(Hitact with the 
Bur&ce, than other strata occupying more elevated positions. Bays, there- 
fore, on proceeding fix)m a distant object and traversing these strata, will be 
unequally reflected, and caused to proceed in a curvilinear direction ; and in 
this way an object situated behind a hill, or below the horizon, may be 

brought into view and appear suspend- 
• ^^ ed in the air. This may be readily 

understood by reference to Fig. 253. 
Suppose the rays of light from the 
ship, S, below the horizon to reach 
the eye, after assuming a curvilinear 
direction by passing through strata of 
air of varying density ; then, as an 
^H object always appears in the direction 
in which the last rays proceeding from 
it enter the eye, two images will be seen in the direction of the dotted 
lines, one of them being inverted. 

These phenomena may be sometimes imitated. Thus, if we look along a 
red hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance from it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and look through them at some object, it will be seen 
distorted and removed from its true place, by reason of the unequal refractive 
and reflective powers of the liquids employed. 

675. The angle of refraction of light is not, 
of r5rSS like the angle of reflection, equal to the angle 
Sgteo?todu of incidence; but it is nevertheless subject 
to a definite law, which is called the law of 




deneef 



Sines. 

What Ssa Bine? 



A sine is a right Ime drawn from any point in one of ih% 
lines inclosing an angle, perpendicular to the other line. 
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YiQ. 264. Thus, in Fig. 244^ let A B G be an angle ; then 

a will be the aine of that angle, being drawn from 
a point in the line A B, perpendicular to the lino 
B 0. Two angles maj be compared by means of 
their sines, but whenever this is done, the lengths 
of the sides of the angles must be made equal, be- 
cause the sine varies in length according to the length of the lines Ibimii^ 
the angle. 
The general law of refractum is as follows: — 

When a ray of light passes from one medium 
geneni law of to aoother, the sine of the angle of incidence 
is in a constant ratio to the sine of the angle 
of refraction. 

The proportion or relation between these sines differs when different media 
are used ; but for the same medium it is always the same. 

Thus, in Fig. 255, let F E be the surface of 
some refracting medium, as water, and H B^ 
H' B) rays incident upon it, at different angles ; 
the former will be refracted in the direction 
B F; a and b will be the sines of the angle 
of incidence, and c dttie sines of the angle of 
refraction ; and the quotient arising fix>m di- 
viding & by c, is the same as that fiY>m divid- 
ing ahj d. In the case of air and water, 
the sine of the angle of incidence in the air 
will be to the sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia, a different ratio would be observed with equal constancy. 

The quotient found by dividing the sine of 
the angle of incidence by the sine of the angle- 
of refraction, is called the index of refraction. 
As different bodies have different refractive powers, they will present dif- 
ferent indices, but in the same substance it is always constant Thus, tho 
refractive index of water is 1.335, of flint glass, 1.55, of the diamond, 2.481. 
Is lieht ever ^^ sur&ce ever transmits all the light which £ills upon it, 
-vrhoUj traoB- but a portion is always reflected. I^ in a dark room, we 
ndtted? allow a sunbeam to faU on the sur&ce of water, the division 

of the light into a reflected and refracted ray will be clearly perceptible. 

^ . ^ . . When the obliquity of an incident ray passing through a 

Under what cir- , ,. ^^ '' . , ^. '' ^ x • x • \ • 

camstanoeBwiil denser medium toward a rarer (as through water mto aur), is 

•mixri^w-T '^^^ *^** *^® "^^^^ ^^ ^^ refracting angle is equal to 90°, it 

ceases to pass out, and is reflected fix)m the sur&ce of tho 

denser medium back into it again. This constitutes the only known instance 

of the total reflection of light The phenomenon may be seen by looking 
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throtigh the sides of a tumbler oontaining water, up to the suifitce in an 
oblique direction, when the sur&oe will be seen to be opaque, and more re- 
flective tiian any mirror, appearing like a sheet of burnished silver. 

No law has yet been discovered which will enable us to 
Si^^ u^- j^dge of the refiractive power of bodies from their other quali- 
ence the re- tses. As a general rule, dense bodies have a greater refrao- 
of bodies?^" tive power than those which are rare; and the refractive 
power of any particular substance is increased or diminished 
In the same ratio as its density is increased or diminished. Eefractive power 
aeems to be the only property, except weight, which is unaltered by chemical 
combination; so that by knowing the refractive power of the ingredients^ we 
can calculate that of the compound. 

All highly inflammable bodies, such as oils, hydrogen, the diamond, phoi- 
phorua, sulphur, amber, camphor, eta, have a refractive power from ten to 
seven times greater than that of incombustible substances of equal density. 

Of all transparent bodies the diamond possesses the 
greatest refractive or light-bending power, although it is 
exceeded by a few deeply-colored, almost opaque miner- 
als. It is in great part from this property that the dia- 
mond owes its brilliancy as a jeweL 

Many years before the combustibility of the diamond was proved by ex- 
periment, Sir Isaac Newton predicted, from the circumstance of its high re- 
fractive power, that it would ultimately be found to be inflammabla 

If the surface of any naturally transparent body is made 
rough and irregular, the rays of light which fall upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rough on its surface loses its transparency; but if we rub a 
ground glass surface with wax, or any other substance of nearly the same 
optical density, we fill up the irregularities and restore its transparency. Horn 
is translucent, but a horn shaving is nearly opaque. The reason of this is 
that the surface of the shaving has been torn and rendered rough, and the 
rays of light idling upon it are too much reflected and refracted to be trans- 
mitted, and thereby render it translucent On the same principle, by filling 
up the pores and irregularities of the sur&ce of white paper, which is opaque, 
with oil, we render it nearly transparent 

How is refhw- Accordiug to the undulatory theory of light, 
^n aeeoanted j^ftactiou is supposcd to be duc to an altera- 
tion in the velocity with which the ray of light 
travels. According to the corpuscular theory, it is ac- 
counted for on the supposition that different substances 
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exert different attractive influences on the particles of 
light coming in contact with them. 

wbatiiDiop- That department of the science of optics 
*^"- which treats of the refraction of light is termed 
Dioptrics. 

What mmea ^76. When a ray of light passes through a 
^l^thr^gh transparent medium whose sides where the 
SwroS^rr ^y enters and emerges are parallel, it will 
suffer no permanent change of direction hj 
refraction, since the second surface exactly compensates 
for the refractive effect of the first. 

YiQ, 266, ^^ ^®* ^ -^ ^^' 256, be a plate of 

glass, whose sides are parallel, and B a 
ray of light incideot upon it ; it wHI be re- 
firacted in the direction G D, and on leaving 
the glass will be refracted again, emerging 
in the line D E, parallel to the course it 
would have pursued if it had not been re- 
fiacted at all, and which is shown by the 
dotted Ime. A small lateral displacement is, 
however, occasioned in the path of the ray, 
depending on the tliickness of the glass 
plate. 
This explains the reason why a plate of 
glass in a window whose sui&ces are perfectly parallel, occasions no distor- 
tion, or alteration of the position of objects seen through it, by reason of its 
refractive power. The rays suffer two refractions in contraiy directions, which 
produce the same effect as if no refraction had taken place. 

What happen! ^^ ^^^ surfaccs of the medium through which 
J^B through ligl^t passes are not parallel, the direction of 
JirfiSesienot ^^cry ray passing through it is permanently 
parauei? altered, the change being greater as the inch- 

nation of the two surfaces is greater. 

Thus window-glass of unequal thickness displaces and distorts all objects 
seen through it Hence the singular distortion of objects viewed through that 
swelling, or lump of glass known as the " bull's eye," which is sometimes 
seen in the center of very coarse panes of glass, and which remains where 
the glass-blower's instrument was attached. 

What is a 677. Any glass having two plane surfaces 
^'^^^ not parallel, is called a Prism. 
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As ordmarily ooostracted, a prism is an • Fia. 267. 

obloHg, triangular, or wedge-shaped piece of 
glass, with sides inclined at any angle, as 
is represented in Fig. 25*7. 

Explain the«v ^ ^~^°» ^^"^^ * 

tion of the prism, all objects are seen 
prism. removed from their true 

place. Thus, let GAB, Fig. 268, be a prism, and B £ a ray of light inci- 
Fio. 258. dent upon it ; it will be refracted ia 

the direction E F, and on emerging, 
will again be refracted in the direc- 
tion F H; and as objects always 
appear in the direction in which the 
last ray enters the eye, the object 
D wiU appear at G, in the direction 
of the dotted line, elevated above its 
real position. If the refracting angle, ACS, had been placed downward, 
the object would have appeared as much depressed. 

The prism, although of simple construction, is one of the most important 
of optioEd instruments, and to its agency we are indebted for most of the in- 
formation we possess respecting the nature and constitution of light The 
beautiful and complicated results of its practical application^ belong to that 
department of optics which treats of the phenomena of color. 

678. A Lens is a piece of glass or other 
transparent substance^ bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane surface. Rays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish the appearance of objects 
at a certain distance. 

How many Thcrc are six different kinds of simple lenses, 
to^mo^? all of which may be considered as portion* of 
the external or internal surface of a spheret. 
Four of these lenses are bounded by two spherical sur- 
faces, and two by a plain and spherical surface. 

Fig. 259 represents sectional views of the six varieties of simple lenses. 

Expiainihedif. -^ doiiblc couvcx Icus is bouudcd by two 
[^^^^^' convex spherical surfaces, as at A, Fig. 259. 

To this figure the appellation of lens was first applied from 
its resemblance to a lentil seed ^n Latin, lena). 

A plano-convex, or single convex lens has one side 
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bounded by a plane sur&ce, and the other by a convex 
surface. It is represented at B, Fig. 259. 

Fig. 269. 

mm 

A meniscus, or concavo-convex lens is convex on one 
side and concave on the other, as at C, Fig. 259. 

To this kind of lens the term '' periscopic" has recently been applied, from 
the Greek, signifTing to view on all sides. 

A double concave lens is concave upon both sides, as 
at D, Fig. 259. 

A plano-concave, or single concave lens, is bounded on 
one side by a plane, and on the other by a concave sur- 
face, as at E, Fig. 259. 

A concavo-convex lens is bounded on one side by a 
concave, and on the other by a convex surface, as at F, 
Fig. 259. 

Into how many Tho six Varieties of simple lenses are divided 
SmSTbe^lK into two classes, which are denominated con- 
▼ided? verging and diverging lenses, since the one 

class renders parallel rays of light falling upon them con- 
vergent, and the other class renders them divergent. 

In Fig. 259 A B C are converging, or collecting lenses, and DBF diverg- 
hig, or dispersing lenses. The former are thickest at the center ; the latter 
«re thinner at the center ttian at the edges. 

In the first class it is sufficient to consider only tbe^doable-oonyex lem^ 
and in the second class only the double-concave lens, since the properties of 
each of these lenses apply to all the others of the same class. 

For optical purposes lenses are generally made of glass, but in soma 
instances other substances are employed, such as rock-crystal, the dia- 
mond, etc. 

What is the I^ &11 the various kinds of ienses there must 

ojti«a^centor fe^ ^ point through which rays of light passing 

experience no deviation ; or in other words^ 
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the incident and emergent rays are parallel. Such a point 
is called the optical center of a lens. 
What is the ^I^® ^s ^^ ^ l^^s ^ ^ straight line passing 
axis of a lens? through the ccntcr perpendicular to the sur- 
face of the lens. 

. . On this line will be situated the geometrical centers of the 

eonaidend ex- two sur&ces of the lens, or rather of the spheres of which 
actl7ceiitered? they form portions. 

. A lens is said to be truly or exactly centered when its optical center is sit- 
uated at a point on the axis equally distant from corresponding parts of the 
surface in every direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendicularly to its axis. 

In what man- 679. Parallel rays of light falling upon a 

S^"*SlSSd double-convex lens are converged to a focus 

iLm7 ~°^^ *^* ^ distance varying vrith the curvature of 

its sides. 

Fia 260. ^6 double-convex lens may be regarded as 

two prisms, with curved sur&ioes, united at 

^ their bases, as is represented in Fig. 260; 

iMS^ ^^'^ as in a prism the ray of light refracted 

1^ ^**^*..^^^^ by it is always turned toward its back, or 

1^ -^^ thicker part (whether that be turned upward, 

I^H ^ downward, or to either side), it follows that 

. vB/'^ when parallel rays &11 upon a double-convex 

w^ lens, or two prisms united at their bases, they 

will converge to a point 

What Is the The point where parallel rays of light fall- 
S?^^^ex ^^S ^P^^ ^^^ ^^^® ^^ * convex lens unite by 
lenaf refractiou upon the opposite side, is called the 

principal focus of a lens. 

What is the The distance from the middle of a lens to 
of?\eM*?'"'* i*8 principal focus, is called the focal distance 
of a lens. 

This in a single convex lens is equal to the diameter of the sphere of which 
the lens is a portion ; in a double-convex lens it is equal to the radius, or 
semi-diameter of the sphere of which the lens is a portion. 

The focal distance of parallel ra3n3 falling upon a convex lens is repre- 
sented at A, Fig. 261. If the rays are converging, as at B, they will come 
to a focus sooner, and if diverging, as at C, the focus will be further from the 
lens than for parallel rays. 

The fixnis of a convex lens may be easily found by allowing the rays of 
the sun to fall perpendicularly upon one side of it, while a sheet of paper is 

14* 
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On vlutt prill- 
dple m«f oon- 
Tex lenses be 
used as bam- 
jpf-glsssos ? 





held on the other. A bright ring of light will FxQ. 261. 

be obeenred on the paper, diminishing or in- 
creasing in size according to the distance of 
the paper from the glass. If the former is held 
hi sQch a manner that the ring of light is re- 
duced to a dazzling luminous point, as is rep- 
resented m Fig. 262, it is then situated in the 
Cbcus of the glass. 

680. From their prop- 
erty of converging par- 
allel rays to a focus, 
convex lenses, like con- 
cave mirrors, may be used for the 

Pio. 262. production of high temperatures, by con- 

centrating the rays of the sun. 

The ordinary burning, or sun-glass, as is represented 
in Fig. 262, is simply a double-convex lens. By the 
employment of very large lenses, a degree of heat 
may be produced &r exceeding that of the best con- 
structed furnace.* 

In the employment of convex lenses as 
burning-glasses, the heat concentrated at the 
focus is to the common heat of the sun, as 
the area of the surface of the lens is to the 
area of the focus. 

Thus, if a lens four inches in diameter collects the sun's rays into a focus at 
the distance of twelve inches, the focus will not be more than one tenth of an 
inch in diameter; its sur&oe, therefore, is 1,600 tunes less than the sur&oe 
of the lens, and consequently the heat will be 1,600 times greater at the focus 
than at the lens. 

681. The properties of a concave lens are greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a concave lens are so re- 
fracted in passing through it, that they diverge 
on emerging from the lens, as though they 
issued from a focus behind it. The focus, 

* A lens of this character was eonstmeted manf years since in England, three feet in 
diameter, with a focal distance of six feet eight inches. Exposed to the heat concentrated 
in the focns of this powerful instrument, the metals were instantly melted, and even vdI- 
atiliaed, while quartz, flint, and the most refractory earthy sabstanoes, were leadfly 
liquefied and caused to boil. 



How does the 
heat at the fo- 
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Fio. 263. 




IheFefore, of a concave lens is not real^ but virtual, as is 
the case with a convex mirror. 

Thus, in Fig. 263, 
the parallel rays, a h 
cdcy etc, falling upon 
the double concave 
lens, L I/, are 80 re- 
fracted in passing 
through it, that they 
are made to diverge, 
as though proceeding 
from the point F, be- 
hind the lens. 

In a similar man- 
ner convergent rays are rendered less convergent, or even paraUd. 

682. Images are formed in the foci of con- 
vex lenses in the same way as in the foci of 
concave mirrors. 

Thus, if we take a convex lens and place behind it, at a proper distance, a 
s^eet of paper, there will be depicted upon the paper boautifiilly dear and 
distinct images of all the objects in front of the lens, in an inverted position. 
The manner in which they are formed is illustrated in Fig. 264. 
Thus, let A B 
represent an ob- 
ject placed be- 
fore a double 
E F. The rays 
proceeding from A, the top of 
the object, will be converged 
by the lens and brought to .a 
focus at D, where they will 
form an image; the rays pro- 
ceec^g from B, the base of the object, will also be converged and brought 
CO a focus at C ; and so each point of the object, A B, will have its corre- 
sponding image between C D. In this way a complete image will be formed. 

The image formed by a convex lens will ap- 
pear inverted, because the rays of light from 
the several points of the object cross each 
other in proceeding to the corresponding points 
of the image. 

Thus, in Fig. 264, the ray, A E, proceeding from the top of the object and 
falling obliquely upon the lens, is refracted into the course E D, and in like 
manner the ray B F is refracted in the direction F G ; and as these rays cross 
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Describe the 
formation of 
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convex lens. 

lens. 



Fio. 264. 




Why are the 
images formc^d 
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lenses invert- 
ed? 
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each other, the image of the arrow appears inverted. The central ray of light 
proceeding from the object in the direction of the axis G, and filing perpen- 
dicularly upon the sur&ce of the lens, undergoes no refraction, but continues 
on in a direct course. 

The images thus formed by convex lenses maybe rendered 
Mnafo!nmed?f ▼'siWe by being received upon white screens, or any suitable 
eonvex lenaes objects, or directly by the eye, when placed in a proper posi- 
U6f^ tion to receive the rays. 

When, by the employment of the convex lens as a burning- 
glass, we concentrate on any suitable surface, the sun's rays to a focus, the litUe 
luminous spot, or circle formed, is really an image, or picture of the sun 
itself 

my are oon. 683. CoDvex lenscs, as ordinarily used, are 

IdM^^if^ called magnifying-glasses, because they in- 



'' crease the apparent size of the objects seen 

through them. 

The reason of this is, that the lens so alters, 
convex lem bv rcfraction, the direction of the rays of light 

magnify? "^ t /. i • i i i 

proceeding irom an object, that they enter the 
eye as if they came from points more distant from each 
other than is actually the case, and hence the object ap- 
pears larger, or magnified. 

wh doea a ^^ ^^^ Contrary, the concave lens, which 
corcaj^^ lens produccs au cxactly opposite effect upon the 
apparent siae ravs of Ufifht, causcs the imaffc of an object 

ofan object? xU 1 -x x n 

seen through it to appear sraaller. 
On the same principles also, concave mirrors magnify, and convex mirrors 
diminish the images of objects reflected from their surfaces. 

Hence the matijnifyinj' or diminishing power 

WhatiBsaidof ^, . ^ ^ - nP 11 J 

the magni^ring of Icnscs IS uot, as 18 oftcn popularly supposed, 

or diminisning •, . _ .. i»ii/i 

power of leDsear Que merely to the peculiar nature of the glass ot 
which they are made, but to the figure of their 
surfaces. 

The double convex lens, inclosed in a convenient setting of metal or horn, 
i extensively employed by watch-makers, engravers, etc, with whom ii 
passes under the general name of lens. 

How may con- 684, In addition to the effect which convex 
def distent^^^Sl lenses produce by magnifying the images of 
jects visible? objccts, they are also capable of rendering 
distant objects visible which would be invisible to the 
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Explain more 
faUj the action 
of ibe convex 
lens in fhia re- 
if 



naked eye, by causing a greater number of rays of light 
proceeding from them to enter the eye. 

The light which produces yision, as wiU be more fully ex- 
plained hereafter, enters the eje through a circular opening 
called the pupil, which is the black circular spot surrounded 
bj a colored ring, appearing in the center of the firont of the 
eye. Now, as the rays of light proceeding from an object 
diverge or spread out in every direction, the number which wiU enter the eye 
iriU be limited by the size of the pupil. At a great distance from an object, 
a£ will be seen in Fig. 265, few rays wiU enter the eye ; but i^ as in Fig. 266, 
we place before the eye a convex lens of moderate size, a large number of 
the diverging rays will be collected and concentrated into a single point or 
locus behind it, and thus afford to the eye occupjdng a proper position suffi* 
cient light to enable it to see the distant object distinctly. 

Fig. 265. 




Fig. 266. 

In like manner a concave mirror, by causing divergent rays which &]) 
upon the sur&ce to become convergent, may be used to produce the same ef* 
feet) as is shown in Fig. 267. 

Fig. 26Y. 




SECTION III. 

THE ANALYSIS OF LIGHT. 

685. It has, up to this pomt, been assumed, that light is a simple substance, 
and that all its rays, or parts, are refracted in precisely the same manner, and 
therefore suffer the same changes when acted upon by transparent media. 
Thia^ however, is not its constitution. 
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wh«i is the White light, as emitted fix)m the snn, or 
▼wtei^« "^ ^f ^°^ *°y luminous body, is composed of seven 
diflferent kinds of light, viz., red, orange, yel- 
low, green, blue, indigo, and violet. 
What fa the The seven different kinds of light prodace 
originofcoiorf ggyg^ different colors, viz., red, orange, yellow, 
green, blue, indigo, and violet. These seven colors are 
called primary colors, since by the union or mixture of 
some two or more of them, all other colors, or varieties of 
color are produced. 
How ie light The separation of white light into its sev- 

anaijaed? ^^^ parts is cffcctcd by means of a prism. 
When a ray of white light is made to pass through a 
prism, each of the seven rays of which it is composed 
are refracted, or bent out of their course differently, and 
form on an opposite screen or wall an image composed of 
bands of the seven different colors. 
What iB the 686. The image formed by a ray of white 

Spectrum? light passing through a prism, is called the 
Solar, or Prismatic Spectrum. 

Fig. 268. 




The separation of a ray of solar light into different colored rayS| bj reftao- 
tion, is represented in Fig. 268. A ray of light, S A, is admitted through 
an aperture in a shutter into a darkened chamber, and caused to &U on a 
prism, P. The ray thus entering would, if allowed to pass unobstructedly, have 
moved in a straight line to the point K, on the floor of the room, and there 
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formed a circular diBc of white light ; but bj the interposition of the prism 
the ray spreads out in a &n-shape, and forms an oblong colored image on the 
opposite wall This image, called the solar spectrum, is divided horizontally 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, viz., red, orange, yellow, green, blue, indigo, violet 
uponwhatdoM The Separation of the seven different rays 
S^wWte^ht composing white light from one another, de- 
dep«iidr pends entirely upon a difference in their re- 

frangibility in passing through the prism ; those which 
are refracted the least falling upon the lowest part of the 
screen, and those which are refracted the most upon the 
upper part. 

Thus the red rays, which are the least refracted, or the least turned from 
their course by the prism, always occur at the bottom of the spectrum, while 
the violet, which is the most refracted, occurs at the top ; the remaining colors 
being arranged in the intermediate space in the order of their refrangibility. 

whatadditioiiai Thc sevcu different rays of light, when once 
SfThe wmporf- separated and refracted by a prism, are not 
Ughtf**^ "^^^ capable of being further analyzed by refraction ; 
but if by means of a convex lens they are col- 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided into three hundred 
and sixty ports, it is found that the red ray, or color, occupies forty-five of 
those par' , the orange twenty-seven, the yellow forty-eight, the green sixty, 
the biu sixty, the indigo forty, and the violet eighty. 

If we take a circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white appearance.* 
From this and other experiments, therefore, it is inferred that light which we 
call colorless, or white (as that coming immediately from the sun), really con- 
tains light of all possible colors so mixed as to neutralize each other. 

687. The separation of the different rays of light which 
takes place in their passage through a prism, is designated 
by the term Dispersion. 

Explain what "^^ order of refrangibility of the seven diJQTerent rays of 
la meant by the light, or the arrangement of the seven colors in the spec- 
e^of^SerSt *™™» ^ always the same and mvariable, whatever way the 
prism may bo turned ; the lower end of the spectrum being 



* It is very common to find it stated in books of seience that by mixing powders of the 
■even different colors together a white, or grayish-white compoond may be produced. 
Tht experlmeot. ia not, however, satisfactory 
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red, which pasaes upward into orange, then into yellow, then green, blue^ 
indigo, and violet, wliich is at the upper end. 

Dissimilar substanoes, however, produce spectra of different lengths, on ac- 
count of a'differenoe in their refractive properties. Thus a ray of li^t tra- 
versing a prism of flint-glass, will have its red aud violet colors separated on 
a screen twice as widely as those of a ray passing throu^ a similar prism 
of crown-glass. This difference is expressed by saymg that the dispersive 
power of ^e two substances is different, or that flint-glass has twice the dis- 
persive power of crown-glass. 

_, ^^ As a lens may be considered as « modification of the 

an ordinaiy prism, it follows that when light is refracted through a lens^ 
wrfectlnujM? ** ^ separated into the different colors, precisely as by a 
prism ; and as every ray contained in white light is refracted 
differently, every lens, of whatever substance made, will have a different focus 
for every different color. The images, therefore, of such lenses will be more 
or less indistinct, and bordered with colored edges. This imperfection is 
termed chromatic aberration. 

For this reason the focus of a burning-glass, which is an optical image of 
the sun, is never perfectly distinct, but always confUsed by a red, or blue bor- 
der, since the various-colored rays of which sunlight is composed, can not 
all be brought to the same focus at once. In a like manner, if we point a 
conunon telescope at a blue and red hand-bill at a short distance, we shall 
have to draw out the tube of the instrument to a greater length in order to 
read the red than the blue letters. 

„ , . ^^ These fringes of color are a most serious obstacle to the 

Explain the ^ . Jr ^. , . . . . „ . . . , 

construction of perfection of optical instruments, especially m astrononucal 

an achromatic telescopes, where great nicety of observation is required ; and 
to prepare a lens in such a way that it would fract light 
without at the same time dispersing it into colors, was long considei 1 an im- 
possibility. 

The discovery was, however, made by Mr. Dollond, 
an Englishman, that by combining two lenses, formed 
of materials which refract light differently, the one 
might be made to counteract the effects of the other ; on 
the same principle as by combining two metals together 
which expand imequally, we may construct a pendu- 
lum whose length never varies. 

Such a combination is represented in Pig. 268, where 
a convex lens of crown glass is united with a concave 
Ions of flint glass, so as to destroy each the dispersive 
power of the other, while at the same time the refract- 
ing, or converging power of the convex lens is pre- 
served. A lens of this character is called Achro- 
matic,* since it produces images in their natural 
colors. 



FlQ. 268. 




* Achromatic, from a, not, and xpc^fto, color. 
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whatiiBpherf- Lenses are also subject to another imperfec- 
eai aberration? ^j^jj^ which is Called sphcrical aberration. This 
arises from the fact that the curved surface of a lens is at 
unequal distances from the object and from the screen 
which receives the image formed at its focus ; and hence, 
if one point. of the image is perfect, another point is less 
so, owing to a difference in the convergence of, the rays 
coming from the center and the edges of the lens. 

Thus, if the image is receiyed on a screen of ground glass, it will be found 
thak when the picture is well defined at the center, it will be indistinct at the 
edges; but by bringing the lens nearer the screen, the edges of the image 
will be more shaiply defined, but the middle is indistinct To make the im- 
age perfect) therefore, the marginal portions of the lens should be covered with 
a circlet of paper, so as to permit those rays only to pass which lie near the 
axis of the lens. This plan, however, impairs the brightness of the image. 

When the image formed by the lens is small, the efiect of spherical aberration 
is scarcely noticed, and by combmation of lenses of different refractive powers, 
it may be almost entirely overcome. 

688. The various rays composing solar light 
ofUffhtequauy are uot all equally luminous, that is to say, 
they do not appear to the eye equally hrilliant. 
The color most visible to the human eye is yellow. 

The luminous mtensity of the diflferent colored rays of light may be ex- 
pressed numerically as follows: — Red, 94; orange, 640; yeUow, 1,000; 
green, 480; blue, 170; indigo, 31; violet, 6.* 

689. According to some authorities, white solar light 
consists of only three colors — red, yellow and blue, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 

What are some- ^^^^ ycllow, and bluc, are, therefore, some- 
S^erotorif* *™®s Called the simple colors. 

Thus, by the union of red and yeUow, we may produce 
orange; by ycllow and blue, green; by blue and red, violet; indigo being 
considered as merely a shade of blue. Red, yellow, and blue, on the contrary, 
can not be produced by the minglicg of any two other colors. 

When blue and yellow powders are mixed together, blue and yellow ra3rs 
are reflected to the eye from the minute particles, but the two colors are so 

* It would appear, from namerous obRervaUons, that Boldiem are shot during battle 
aoeording to the color of their dress in the following proportion :— red, 12 ; dark green, T« 
brown, 6; bluish gray, 5. Red is therefore tiie most fatal color, and a light gray tlw 
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mingled that the eje only notices the oombmed efifect, which is green. If we 
now ezamme the same mixture with a microscope, the blue and yellow par- 
ticles will be seen separately, and the green color will disappear. 

690. The natural color which an obiect 

Why do nat- t .-, » -, -, 11. i,, 

nrai objects cxhiDits whcD exposcd to the light, depends 

exhibit colon f , _ /»% 

upon the nature and arrangement of the par- 
ticles of matter of which it is composed, and is not the re- 
sult of any quality inherent in the object itself. 

Bodies which naturally exhibit color have, by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preference for some qualities of 
light than for others. If the body is not transparent, it 
will reflect certain rays of light from its surface, and ap- 
pear of the color of the light it reflects •, if the body is 
transparent, it will allow only certain rays to pass through 
its structure, and will consequently appear of the color of 

the light it transmits. 

Thus a red body appears red because it reflects or transmits the red ray of 
solar light to the eye ; and a yellow body appears yellow because yellow 
light is reflected or transmitted by its surfeoe or structure more powerfully 
than light of any other color; and so on through all the colors. 

It is not, however, to be understood that colored bodies reflect or transmit 
only pure rays of one color, and perfectly absorb all others ; on the contrary, 
it has been found that a colored body reflects, in great abundance, those rays 
of light which determine its particular color, and also the other rays which 
make up white light in a greater or less degree, in proportion as they mcMce 
or less resemble its color in the order of their refrangibility. 

Some substances have no preference for any one quality of 

coloriess^when light more than another, but reflect or absorb them aU 

wto'black?'* equally; such are caUed neutral, or colorless bodies. Those 

substances which reflect ajl the rays of light which fell upon 

them appear white ; those which absorb all the rays appear black. 

In the dark there is no color, because there is no light to be absorbed or 
reflected, and therefore none to be decomposed. 

A glass is called red because it allows the red rays of light to penetrate 
through a greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even the red rays would be absorbed like the rest, and we 
should call the glass black. 

No body, unless self-luminous, can appear of a color not existing in the 
light which it receives. This may be proved by holdmg a colored body m a 
ray of light which has been refracted by a prism, when the body will appear 
of the color of the ray in which it is placed; for since it receives but one ool- 
pred ray, it can reflect no other. 
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May the eoior 691. By chaDging the structure or molecu- 
Sa^** 1^ lar arrangement of a body, the color which it 
^e^tf^ exhibits may be often changed also. 

' ^"* lUustratloDS of this principle are firequentlj seen in chem- 

ical compoonda The iodide of mercury is a beautiftil scarlet compomid, which, 
when gently heated, becomes a bright yellow, and so remains when undis- 
turbed. I^ however, it is touched, or scratched with a hard substance, as 
with the point of a pin, its particles tarn over, or readjust themselves, and 
cesume their original red color. Chameleon mineral is a solid substance pro- 
duced by fusing manganese with potash ; when dissolved in water, it changes^ 
according to the amount of dilution, from green to blue and purple. Indigo 
also^ spread on paper and exposed to heat, becomes red. 

692. Some bodies have the power of reflecting from their 
surfaces one color while they transmit another. 

This is the case with the precious opaL A solution of quinine in water 
containing a little sulphuric acid, is colorless and transparent to the eye look- 
ing through it, but by looking at it, it appears intensely blue. An oil ob- 
tained in the distillation of resin transmits yellow light, but reflects violet 
light Smoke reflects blue light, but transmits red light These phenomena 
result from a pectlliar action of the surfiice or outer layer of the substance 
of the body on some of the rays of light entering it, and have received the 
name of epipolic^ or sur&oe dispersion. 

Deepness of color proceeds fix)m a deficiency, rather than from an abund- 
ance of reflected ra3rs: thus, if a body reflects only a few of the red rays, it 
will appear of a dark red color. When a great number of rays are reflected, 
the color wHl appear bright and intense. 

If the objects of the material world had been illuminated only with white 
fight, an the particles of which possessed the same degree of refrangibility, 
and were equally acted upon by all substances, the general appearance of 
nature would have been dull, and all the combinations of external objects, 
and all the features of the human countenance would have exhibited no other 
variety than that which they posses in a pencQ sketch or India-ink drawing. 

wh*tarecom- 698. Any two colors which are able, by com- 
gJJJ^**^ bining, to produce white light, are termed 
complementary colors. 
Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color. 

The relative position of complementary colors in the prismatic spectrum may 
be determined as follows: Thus, if we take half the length of a spectrum by 
a pair of compaaaes, and fix one leg on any color, the other leg will &11 upou 
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its oomplementaiy oolor, or upon the one which added to the first will pro- 
duce white light. The complementary color of red is bluish green ; of 
orange is blue; of yellow is indigo; of green is reddish violet; of blue is 
orange red ; of indigo is orange yellow ; of violet is yellow green ; of black is 
white ; of white is black. 

Complementary colors may be seen by fixing the eye steadily upon any , 
colored object, such as a wafer upon a sheet of white paper. A ring of col- 
ored light will play round the wafer, and this ring will be complementary to 
the color of the wafer. A red wafer will give a green ring, a blue wafer an 
orange-colored ring, and so on. Or i^ after having r^^rded the colQred wafer 
steadily for a few moments, the eye be dosed, or turned away, it will retain. 
the impression of the wafer, not in its own, but in its complementary color; 
thus a red wafer will give a green ray, and so on. 

In like manner, if we look at a red hot fire for a few minutes, every object 
as we turn away appears tinged with bluish green. 

The art of harmonizing and contrasting colors is intimately connected with 
the principles of complementary colors. 

How do colon Every color placed beside another color is 
toapliSS^' changed, and appears differently from what it 
does when seen alone ; it equally modifies^ 
moreover, the color with which it is in proximity. 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thus, if a dress is composed of cloths of two colors, the one complementary 
to the other, as red and green, orange and blue, yellow and violet, they will 
mutually heighten the effect of each, and make each portion appear to the 
best advantage. For this reason, a dress composed of cloths of different 
colors, looks well for a much longer time, although worn, than one of a single 
color, the character of the fiibric being the same in both instances. 

A suit of clothes of one color can be worn to advantage only when it is 
new, because as soon as one .portion of the suit loses its freshness firom hav- 
ing been worn longer than another, the difference will increase by contrast 
Thus a pair of new black pantaloons worn with a vest of the same color, 
which is old and rusty, will make the tinge of the latter appear more con- 
spicuous, and at the same time the black of the pauts will appear more 
brilliant White and other light<»lored pantaloons would produce a contrary 
effect 

In printing letters on colored paper, the best effect will be produced when 
the color of the paper is complementary to the ink; blue should be put upon 
orange, and red upon green. 

Stains will be less visible on a dress of different colors than on one com- 
posed of only a single color, since there exists in general a greater contrast 
among the various parts of the first-named dress, than between the stain and 
the adjacent part, and this difference renders the stain less apparent to the eye^ 



THE ANALYSIS OF LIGHT. 333 

In the grouping of flowers in gardens, and in the preparation of bouquets, 
the most pleasing effects will be produced by placing the blue flowers next 
to the orange, and the violet next to the yellow. White, red, and pink 
flowers are never seen to greater advantage than when surrounded with green 
leaves, or white flowers ; on the other hand, we should always separate pink 
flowers from those that are either scarlet or crimson ; orange, from orange- 
yellow flowers ; yellow flowers from greenish-yellow flowers ; blue frt>m violet- 
blue, red fix)m orange, pink from violet 

By grouping colors together which are not complementary, or which do nofc 
rightly contrast with eadi other, we produce a discordant effect upon the eye, 
analogous to the discord which is produced upon the ear by instruments out of 
tone. It is always necessary that, if one part of the dress be highly ornamented, 
or consists of various colors, a portion should be plain, to give repose to the eye. 

Black being the complementary color of white, the effect of black drapery 
upon the color of the skin or &ce is to make it appear pale^ or whiter than it 
usually ]& 

The optical effect of dark and black dresses is to make the flgure appear 
smaller ; hence it is a suitable color for stout persons. On the contrary, white 
and light-colored dresses make persons appear larger. Large patterns or de- 
signs upon dress, make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure ; horizontal stripes have a contrary 
tendency, and are very ungracefdL* 

whmtisaBrin. 694. The Eainbow is a semicircular band 
^^' or arch, composed of the seven diflferent colors, 
generally exhibited upon the clouds during the occurrence 
of rain in sunshine. 

How i«» rain- Tho raiubow is produced by the refraction 
bowproducedf q^^ reflection of the solar rays in the drops of 
faUing rain. 

* The foHowing earioai facts are known to peraoni employed In trade : — " When a pnr- 
chaaer has for a eondderable time looked at a yellow fabric, and is then shown orange or 
scarlet staffii, he considers them to be amaranth-red, or crimson, for there Is a tendency 
In the eye, excited by yellow, to see violet, whence all the yellow of the scailet or orange 
doth disappears, and the eye sees red, or red tinged with scarlet. Again, if there are 
presented to a buyer, one after another, fourteen pieces of red cloth, he will consider the 
last six or seven less beautiftil than those first seen, although the pieces be identically the 
same. Now what is the cause of this error in Judgment? It is that the eyes having 
seen seven or eight red pieces in succession, are in the same condition as if they hsA 
regarded fixedly during the same period of time a single piece of red doth; theyhavt 
then a tendency to see the complementary color of red, that is to say, green. This tend- 
ency goes, of necessity, to enfeeble the brilliancy of the red of the pieces seen later. In 
order that the merchant may not be the sufferer by this failing of the eyes of his cus- 
tomer, he must take care after having shown the latter seven pieces of red, to present to 
him some pieces of green cloth, to restore the eyes to their natural state. If the sight of 
the green he suf&dently prolonged to exceed the normal state, the eyes will acquire a 
tendency to see red; then the last seven pieces wiU appear more beantiihl than tb« 
eChera." — Chevreul on CMar. 
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What ezperi- 
menta prove 
the deeomposi- 
tlonofUghtby 
droM of wa- 



695. Rainbows are also fonned when the sun shines upon drops of watei 
falling in quantity from fountains, waterfalls, paddle-wheels, etc 

That the rainbow results from the decomposition of the solai 
rays by drops of water, may be proved by the following sim- 
ple experiment: — ^If we take a glass globe filled with water, 
and suspend it at a certain height in the solar rays above the 
eye, a spectator standing with his back to the sun will see 
the refraction and reflection of red light ; i£, then, the globe be lowered 
fibwly, the observer retaining his position, the red light will be replaced 
by orange, and this in its turn by yellow, and so on, the globe at dif- 
ferent heights presenting to the eye the seven primitive colors in succession. 
If DOW, m the place of the globe occupying different positions, we sub- 
stitute drops of water, we have a ready explanation of the phenomena of 
the rainbow. 

Drops of rain, suspended to grass or bushes, may be frequently found to 
appear to the eye of a bright red; and by slightly changing the position of the 
eye, the colors of the drop may be made to appear successively yellow, green, 
blue, violet, and also colorless. This also proves that rays of light, falling in 
certain directions upon drops of water, are refracted thereby and decomposed 
into colored rays that become visible to the eye when it is situated in the 
proper direction. 



PiO. 269. 



The principles of the 
formation of the rain- 
bow may be fhrther 
illustrated by Fig. 269. 
Let A B and C be three 
drops of rain; S A, 
S B, and S C, three 
rays of the sun. The 
ray S A, by refiaction, 
is divided into three 
colors; the blue and 
yellow are bent above 
the eye, D, and the 
red enters it 

The ray, S B, is di- 
vided into three col- 
ors; the blue is bent above the eye, and the red falls below the eye D, but 
the yellow enters it 

The ray, S C, is also divided into three colors. The blue (which is 
bent most) enters the eye, and the other two &U below it Thus the 
eye sees the blue of 0, and of all drops in the position of ; the 
yellow of B, and of all drops m the position of B; and the red of A, 
and of all drops in the position of A. The same may be also inferred 
respecting the other four colors of the spectrum; and thus the eye 
a rainbow. 
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What are the ^^^ rainbow Can be seen only when it rains, 
SS^^?dOT ^^^ ^ *^** point of the heavens which is op- 

to^e a rain- posite tO the SUn. 

Hence a rainbow is always observed to be sitoated in the 
west in the morning, and in the east in the afternoon. 

It is also necessary for the production of a rainbow 
that the height of the sun above the horizon should not 
exceed forty-two degrees. 

Hence we generally observe this phenomenon in the morning, or toward 
evening ; and it is only m the winter, when the smi stands very low, that the 
rainbow is sometimes seen at hours approaching noon. 

IB the same "^ **^® ^^^ ^^ ^^^* ^'^®^ greatly in refrangibility, only a 
rainboir seen single and different-colored ray from each drop will reach the 
a^e^byailper- eye of a spectator ; but as in a shower there is a succession 
of drops in all positions relative to the eye. the eye is en- 
abled to receive the diflferent-colored pj^j 270. 
rays refracted at different inclina- 
tions. This is clearly illustrated in 
Fig. 270, in which S represents 
rays of the sun fallmg upon suo- 
cesfflve drops, B, O, Y, G, B, I, V ; 
but a single colored ray, and a 
different one for each drop, will 
reach the eye. As no two spec- 
tators can occupy exactly the same 
position, no two can see the same 
color reflected from the same drop ; 
and consequently no two persons see the same rainbow. 

In the formation of a rainbow each colored ray reflectea 
boSfc^cuS?" ^°^ ^^ filling drops of rain, enters the eye at a different inclin- 
ation or angle. But the several positions of those dropSi 
which alone are capable of reflecting the same color at the same angleb to 
the eye oonstitate a circle, — and hence the bands of cdor which make up a 
rainbow, appear circular. 

What are pri- Two raiubows are not unfrequently observed 
SS/'^^rStol a* ^^^ same time, the one being exterior to, 
*^^"*^ and less strongly developed than the other. 

The inner arch, which is the brightest, is called the pri- 
mary bow, and the outer, or fainter arch, the secondary 
bow. The order of colors in the inner bow is also the re- 
verse of that in the outer bow. 
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How is the mc- 
ondary ndn- 
bow formed f 



Fia. 272. 



How ta the The inner, or primary rainbow, which is the 
KlTf^jS^" one ordinarily seen, is formed by two refrac- 
tions of the solar ray, and one reflection, the 
ray of light entering the drops fio. 27 1. 

at the top, and being reflected to 
the eye from the bottom. 

Thus, in Fig. 271, the mj S A of the pri- 
loaiy rainbow strikes the drop at A, is re- 
fracted, or benlyto B, the back part of the 
inner sorfiice of the drop ; it is then reflected 
to 0, the lower part of the drop, when it is 
refracted again, and so bent as to oome di- 
rectly to the eye of the spectator. 

The secondary, or outer rainbow, is produced 
by two refractions of the solar ray, and two 
reflections, the ray of light entering the drops 
at the bottom, and being reflected to the eye from the top. 

Thus, in Fig. 272, the ray S B of the sec- 
ondary bow strikes the bottom oi the drop 
at B, is refracted to A^ is then reflected to 
C, is again reflected to D, when it is again 
refracted or bent, till it reaches the eye of 
the spectator. 

The position and formation of the primary 
and secondary rainbows are represented in 
Fig. 273. Thus, in the formation of the pri- 
mary bow, the ray of light S strikes the drop 
n at o^ is refracted to &, reflected to ^, and 
leaying the drop at this point, is refiracted 
to the eye of the spectator at 0. In the formation of the secondary bow, 
the ray S' strikes the drop p at the bottom at the point t, is refi-acted to d, 
reflected to/, and thence to «, and refracted from the top of the drop, pro- 
ceeds to the eye of the spectator at O. 

The reason the outer bow is paler than the inner is because it is formed by 
rays which have undergone a second internal reflection, and after every re- 
flection light becomes weaker. 

Halos are colored rays which are sometimes 
seen surrounding luminous bodies, especially 
the sun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos- 
phere, and are never seen when the sky is perfectly clear. 




What are 
Haloa? 
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The productioii of halos may be illustrated experimentally, by cr3r8talliziDgf 
various salts upon plates of glass, and looking through the plates at the sun, 
or a candle. A few drops of a saturated solution of alum, spread over a 
glass so as to crystallize quickly, will cover it with an imperfect crust of crys- 
tals, scarcely visible to the eye. Upon looking at a luminous body through 
the glass plate, with the smooth side next the eye, three fine halos will be 
perceived encircling the source of light 

The fact that halos, or rings round the moon, are more frequently observed 
than solar halos, is dependent upon the circumstance that the sun's light is 
too intense and dazzling to allow the halo to be recognized. Halos may be 
observed most frequently in the winter season, and in high northern latitudes. 

What is the 696. The beautiful crimson appearance of 

^d^*^^^ *^® clouds after sunset in the western horizon, 

^^^^"^^^ is due in a great measure to the fact that the 

■aniet? j^^ j^yg ^f ^hc solar light are less refrangible 



FiO. 274. 




than any of the 
other colored rays, 
and in conse- 
quence of this, 
they are not bent 
out of their course 
so much as the 
blue and yellow 
rays, and are the 
last to disappear. 
For the same rea- 
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son they are the first to appear in the morning when the 
sun rises, and impart to the morning clouds red or crim- 
son colors. 

Let U8 suppofie, as in Fig. 274, a ray of light proceeding from the sun, S, 
to enter the earth's atmosphere at the point P. The red rays, which com- 
pose in part the solar beam, being the least refrangible, or the least deviated 
from their course, will reach the eye of a spectator at the point A ; while 
the yellow and blue rays^ being refracted to a greater degree, will reach the 
8UT&oe of the earth at the intermediate points B and C. They will, conse- 
quently, be quite inyisible from the point A. 

The red and golden appearance of the clouds at morning and evening is 
also due in part to the &ct, that aqueous vapor on the point of being con- 
densed, only allows the red and yellow rays of light to pass through it. For 
this reasoD, if the sun be viewed through a column of steam escaping from 
a boiler, it appears of a deep red, or crimson color. The same thing may be 
noticed during a drought in summer, when the air is filled with dry exhala- 
tions. 

What ii 697. The irregular brilliancy of the stars, 

'''^^*°"^' known as twinkling, is supposed to be due to 
unequal reflections of light occasioned by inequalities and 
undulations in the atmosphere. 

How Is color 698. Light, according to the undulatory 
th?!jid?iato?y theory, is occasioned by the vibrations or un- 
thcoryofughtf dulatious of a certain elastic medium diffused 
throughout all space, called Ether. Color, according to 
this theory, depends on the number of vibrations which 
are made in a certain time ; those vibrations which are the 
most rapid, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. 

The analogy between sound and light, according to the 
k^^ere*^*^ undulatory theory, is perfect, even in its minutest drcum- 
tween color and stances. When a certain number of vibrations of a musical 
mudcT'^' ^ chord are caused in a given time, we produce a required 
sound ; as the vibrations of the chord vary from a quick to a 
slow rate, we produce sounds sharp or grave. So with light ; if the rate at 
which the ray undulates is altered, a different sensation is made uxx>n the 
organs of vision. 

The number of aerial vibrations per second required to produce any particu- 
lar note in music has been accurately calculated, and it is also known thai 
the ear is able to detect vibrations produchig sound, through a range com- 
mencing with 15, and reaching as far as 48,000 in a second. So also in the 
case of light, the frequency of vibrations of the ether required for the produo- 
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tion of any particular color has been determined, and the leng^ of the waves 
corresponding to these vibrations. 

What reution The wBves requisite to produce red are the 
^*" wo^° largest ; orange comes next ; then yellow, 
bMitioSi*S?^6 green, blue, mdigo, and violet, succeed each 
difbrentooiors? other, the waves of each being less than the 
preceding. The rapidity of Tibration is in the same order, 
the waves producing red light vibrating with the least 
^pidity, and the waves producing violet with the greatest 
rapidity. 

To produce red light it is necessaiy that 40,000 waves or undulations should 
be comprised within the space of a single inch, and that 480 billions of vibra- 
tions should be executed in one second of time ; while, for the production of 
ynolstf 60,000 waves within an inch, and 720 billions of vibrations per second 
are required.* 

699. As two sets of sound-waves or vibra- 

light be BiBde tions may so combine as to modify or destroy 

^ each other, and thus produce partial or total 

silence, so two waves or vibrations of light may be made 

to interfere and produce various colors, or entire darkuess. 

* Itmaj perhaps be aoked, irith Bomething of incredulity, how sach a resalt could poB- 
riblj have been arriyed i^ irith anj degree of edentifie accuracy. The problem, how- 
erer, is not a difficult one. 

In the first place, Newton, by a series of perfectly satisfactory and beautiful experi- 
ments, ascertained the nnmber of waves or undulations of the dififerent colored rays 
eomprised within the space of an inch. 

Let us now suppose an object of any particular oolor, a red star, for example, to be 
viewed from a distance. From the star to the eye there proceeds a continuous line of 
wares; these waves enter the pupil, and Impinge upon the retina; for each wave which 
thus strikes the retina, there will be a separate pulsation of that membrane. Its.rate of 
pulsation, or the number of pulsations which it makes per second, will therefore be known, 
a we can ascertain how many luminous waves enter the eye per second. 

It has been already shown that light moves at the rate of about 200,000 miles per 
second ; it follows, that a length of ray amounting to 200,000 miles must enter the pupil 
each second ; the number of times, therefore, per second, which the retina will vibrate, 
will be the same as the nnmber of the luminous waires contained in a ray 200,000 miles 
long. 

Let us take the case of red Ughi ■ In 200,000 miles there are, in round numbers, 
3/)00,000,006 feet, and therefore 12,000,000,000 inches. In each of these 12,000,000,000 of 
inches there are 40,000 waves of red light In the whole length of the ray, therefore, there 
are 480,000,000,000,000 waves. Since this ray, however, enters the eye in one second, 
and the retina must pulsate -once for each of these waves, we arrive at the astounding 
conclusion, that when we behold a red object, the membrane of the eye trembles at the 
rate of 480,000,000,000,000 of times between every two ticks of a common deck I 

In the same manner, the rate of pulsation of the retina corresponding to other tints of 
colors is determined ; and it is found that when violet is perceived, it trembles at the rate 
of 720,000,000,000,000 of times per second Lardiwr, 
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How BMT Uit ^ ^® '*"'^ ** *^® Jimction 6t two streams of water, it will 
iuterfef«iiMof be noticed that when the waves from each meet in the same 
^j^J^*^ state of vibration, the resulting wave will be equal to the two 
oombtned; i^ however, one wave is half an undulation behind 
the other, the crest of one will meet the hollow of the other, and compara- 
tively smooth water will be the result So if two pencil tsljb of light, radiat- 
ing from two points^ reach a pdnt of interferenoe at the same degree of ele- 
vatimi, a spot of double the luminous intensity of either will be produced; 
but if one is half a vibration behind the other, the result will be^ that a daric 
instead of a light spot will be apparent 

How to eoior The brilliant tints of soap bubbles, and thin 
SS*"JJirf^ plates of different transparent bodies, are ex- 
•nee of light? amples of the interference of light ; for the 
undulations reflected from the first surface interfere with 
those reflected from the second, and thus produce the 
various colors. 

The varying play of ookm exhibited by films of oil on the surfiioe of water, 
and the iridescent appearanoe of mother-of-pearl, the scales of fishes^ and tho 
wings of some insects, are all phenomena resulting from the interferenoe of light 

whstto doable 700. Double refraction is a property which 
refracuonf certain transparent substances possess, of 
causing a ray of light in passing through them to undergo 
two refractions ; that is, the single ray of light is divided 
into two separate rays. 



Fzo. 276, 




mastrato fhe 
phenomanon of 
doable 



tlon. 



refrae- 



A very oonmion mineral called ^ Iceland spar," 
which is a.crystallized form of carbonate of lime^ ia 
a remarkable example of a body possessing doublo 
refracting properties. It is usually transparent and 
colorless, and its crystals, as shown in Fig. 275, have 
the geometrical form of a rhomb, or rhomboid; — ^thia 
term being applied to a solid bounded by parallel 
faces, inclined to each other at an angle of 105^. 
The manner in which a crystal of 
Iceland spar divides a ray of light in- 
to two separate portions ia clearly 
shown in Fig. 276; in which S T 
ray of light, felling upon a surface of a 



Fia. 276. 



represents a 

crystal of Iceland spar, A D E G, in a perpendicular di- 
rection. Instead of passing through without any refrao- 
tion, as it would in case it had fallen perpendicularly upon 
the sui&ce of glass, the ray is divided into two separate 
rays, the one, T 0, being in the direction of the original 
ray, and the other, T E, being bent or refracted. The 
first of these raya^ or the one which follows the ordinary 
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law of refraction, is called the '* ordinaiy" ray ; the seoond, which Allows ft 
differeat law, is called the '* extrmordinaiy*' ray. 

-. 2177 ^ ^® ^^^ ** * ™"^ object, as a 

dot, a* letter, or a line, through a 
plate of glass, it appears smgle ; but 
if a plate of Iceland spar be sub- 
stituted, a double image will be per- 
eeiyed, as two dots, two letters, two 
lines, etc. This result of double re- 
fraction is represented in ilg. 2t7, 
Ciystals of many other substance^ 
suoh as mica, the topaz, gypsum, etc, 
possess the property of doable refraction, but not ui so remarkable a degree 
as Iceland spar. 

What iha I^ all these crystals, there are one or more directions along 
axM of double which objects when viewed through them appear single; 
'•'^"*'**®°' these directions are termed the lines, or axes of double re- 

fraction. In the case of Iceland spar, there is one axis of double refinction, 
i ft, one direction along which objects when viewed appear single; this is in 
the direction of the line A B, fig. 276, which joins the two obtuse three- 
irided angles. If the summits A and B be ground down and polished, no 
double refractiaa will occur in looking tfarouj^ the crystal in this direction. 
To wbB,t to tiM "^^^^ ^^ phenomenon of double refraction is due entirely to 
phenomenonof the molecular Structure of the medium through which light 
tion daef passes, is proved by taking a cube of regularly annealed glassy 

which produces but one refracted ray, and heating it unequally, 
by subjecting it to pressure : a change is thereby afltocted in the arrangement 
cf its parta^ and doable refraction takes place. 

What tojpoiar- 701. When a ray of light has been reflected 
isedug^t? fj.QjQ ^i^Q surface (rf a body under certain 
special conditions, or transmitted through certain trans- 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before. The effect thus produced upon it has been 
called polarization, and the ray or rays of light thus af- 
fected are said to be polarized. 

What mn the ^^^ uamc polcs is giveu in physics in gen-* 
poi«ofabodyf ^^i ^Q ^Y^Q gj^igg Qj, gjj^jg Qf Q^jjy Y)oij which 

enjoy, or have acquired any contrary properties. 

Thus, the opposite ends or sides of a magnet have contraiy properties, in- 
asmuch as each attracts what the other repels. The opposite ends of an eleo* 
trie or galvanic arrangement are, for like reasons, denominated poles. So also 
in the case of lights the rays which have been reflected or transmitted undet 
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pecaliar conditions are said to possess poles, because in some portions thej 
can be reflected and in others they can not, and these positions are at right 
angles to one another. 

EznUinth difl. *^^^' '^^ phenomenon of polarized light was discovered in 
ooTeryandpho- 1808, bjlCalus, a young engineer officer of Paria On one 
lu£(adU^t^ occasion, as he was viewing through a double refracting 
prism of Iceland spar the light of the sun reflected from a glass 
window in one of the French palaces, he observed some very peculiar effects. 
The window accidentally stood open like a door on its hinges at an angle of 
64^, and Malus noticed that the light reflected from this angle was entirely 
altered in its diaracter. 

This alteration in the character of the light reflected flx>m the glass window, 
which was thus first observed by Mains, may be made dear by the following 
experiment: — Suppose we have a cylinder with a mirror at one end of it If 
we point this to the sun, and receive the image on a distant screen, we may 
turn the cylinder round on its axis, and the reflected ray will be found to revolve 
constantly with it But if now, instead of receiving the ray direct from the sun, 
we allow a beam reflected from a glass plate, at an angle of about 54^, to M 
npon the mirror, and then be reflected on the screen, it will be found tliat the 
point of light wiU not have the same properties as that previously examined ; 
it will be altered in its degree of intensity as the cylinder turns round; will 
have points where it is very bright, and others where it will entirely disap- 
pear. It is th,us proved that light reflected from glass at an angle of about 
64^, has undergone some peculiar modification, or, as it has been termed, 
has become polarized. 

Gert£un minerals, especially those called ''tourmalines^*' have the prop- 
erty of polarizing a ray of light transmitted through them. 

Pia. 278. If a ray of light be caused to pass through 

a thin plate of tourmaline, ased. Fig. 278, 
in the direction of the line a 5, and be re- 
h ^^Cr=^^A, ceived upon a second plate, e / placed 
^^IMPx symmetrically with the first, it passes 
PJr ^HP through both without difficulty; but if the 

second plate be turned a quarter round, as 
In the direction g h, the light is totally cut oft 

Howisthepoi- According to the undulatoiy theory, the dif- 
fight*'^!*^- ference between common and polarized light 
•*' mskj be explained by supposing that in com- 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ray ; but in polarized light they take place 
in only one direction, or are all in one plane. 

Thus, in the passage of a ray of light through the plate of tourmaline^ 
only one set of vibrations is transmitted, while the othera are absorbed. 
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Fia 279. The transmitted ray, haying all its yibrations in one 

^^^^--| 3/ direction, readily passes through a second plate of 
C I - -LiJ---j|j^ tourmaline, the structural arrangement of which is 
Q^- fcfcr^ '"^' \£ synmietrical with that of the first; but if this ar- 
rangement be altered by turning the plate partially 
round, the vibrations are intercepted. In the same 
manner a sheet of paper, c d^ Fig. 279, may be slipped 
through a grating, a &, its plane comcidmg with the length of the bars; but 
can no longer go through when it is turned, as at c/ a quarter round. 

Light is polarized by reflection from many 
ind b7 n^ different substances, such as glass, water, air, 
m^tenoes *' ebony, mother-of-pearl, surfaces of crystals, 
***" ***"' etc., etc., provided that the light falls at a 
certain angle peculiar to each surface. This angle is 
called the polarizing angle.* 

What are Bome ^"^^ *^® discovwy of polarized light, its principles have 
of the practical been applied to the determination of many practical results. 

i^lS^XlSf ^^ ^ ^^ ^®®^ ^^^^ *^** ^ reflected light, come fiom 
whence it may, acquires certain properties which enable us 
to distinguish it fiiom direct light ; and the astronomer, in this way, is en- 
abled to determine with in&llible precision whether the light he is gasmg on 
(and which may have required hundreds of years to pass fix)m its source to 
the eye), is inherent in the luminous body itself, or is derived from some other 
source by reflection. It has been also ascertamed by Arago that light pro- 
ceeduig from incandescent bodies, as red-hot iron, glass, and liquids, under a 
certain angle, is polarized light; but that light proceeding, under the same 
drcumstanoes, from an inflamed gaseous substance^ such as is used in street 
illumination, is always in a natural state, or unpolarized. Applying these 
principles to the sun, he discovered that the light-giving substance of this 
luminary was of the nature of a gas, and not a red-hot solid or liquid body. 

In a similar manner the chemist is able to determine, by the manner hi 
which light is reflected or polarized by a crystallized body, whether it has 
been adulterated by the addition of foreign substancea 

What three 703. Solar light, in addition to the lumin* 
StadSd* *£ ous principle which produces the phenomena of 
■oiarughtr ^^Jqj. ^^^ jg ^j^^ causc of visiou, contains two 
other principles, viz., heat and actinism, or the chenw 
leal principle. These principles are invisible to the eye, 
and have only been discovered by their eflfects on other 
bodies. 

* The phenomena of polarbeed light are ao abatnue, and depend to ao great an ertent 
on experimental illaatration for their proper comprehension, that an extended descrip- 
tion of them in an elementary work is imposdble. 
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The OQDStatatkm of the solar ray may be compared to a bundle of three stidc^ 
one of which represents heat, another light, and a third the actinic principle. 
We know that these three principles exist in every ray of 
Sot tiutt m! ^^ ^^^ because we are able to separate them in a great 
Ur light eoD- degree from each other. Thus the luminous principle passes 
prindpter** readily through a transparent plate of alum, but nearly all tiie 
heat is absorbed. Certain darlc-colored bodies, on the con- 
trary, allow nearly all the heat to pass, but obstruct the light A blue glass 
CJbetructs nearly aiXi the light and heat of the solar ray, but allows the chem- 
ical principle to pass freely ; while a yellow glass aUows light and heat to 
pass, but obstructs the passage of the chemical influence. 

When we decompose a ray of solar light hy 
three prind- means of a prism, and throw the spectrum 
E^t ^BttStiA upon a screen, the luminous, the calorific, and 
the actinic radiations will each assume a dif- 
ferent position. All wiU be refracted by passing through 
the prism, but in different degrees. 

The calorific, or heat radiations will be refracted least, and their maximum 
point will be found but slightly thrown out of the right line which the solar 
ray would have traversed had it not been intercepted by the prism. The 
heat diminishes with much reg^olarity on each side of this line. 

The luminous radiations are subject to a greater degree of refraction ; their 
point of maximum intensity bemg in the yellow ray, lying considerably aboTe 
the point of g^reatest heat The lig^t diminishes on each side of it, producing 
orange, red, and crimson colors below the maximum point, and green, blu^ 
and yiolet above it 

The radiations which produce chemical action are more refrangible than 
either the calorific or luminous radiations, and the maximum of chemical 
power is found at that point of the spectrum where light is feeble^ and where 
scarcely any heat can be detected. 

The positions in the spectrum of the heat and actinio nMliationa^ which are 
hivisible to the eye, may be found by exp^ment Thus, if we place a d^- 
cate thermometer in the different rays of the spectrum (§ 686, Fig. 268X it 
will be found that the indigo and violet rays scarcely afiect it all, while the 
yellow ray, which is the most luminous, is inferior in heating action to the 
red ray, which, yielding but little light, possesses the greatest amount of heat 
If now, the thermometer be carried a little below and just out of the red 
'ray, into the daikened space, it will exhibit the greatest increase in tempera- 
ture, thus proving the presence of a heating ray in solar light, independent 
of the luminous ray. In a like manner, by substituting a chemically prepared 
Burf3sw», as a piece of photographic paper, for the thermometer, the presence 
of a chemical ray can be proved in the darkened space at the other end of the 
spectrum, and near to the blue and violet rays. 

704. Those rays of solar light which are less refrangible than any of tha 
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Tisble colored t&jb of the spectrum, have all the properties ot radiant heat 
ooming firom bodies of a lower temperature than 800^ F. Such heat is much 
less refrangible than red light ; but if the temperature of the radiating body 
be increased, it emits^ in addition to the rays previously emitted, others of a 
higher refrang^bility, until at last some few of its rays become as refrai^ble 
AS the least refrangible rays of light The body then appears of the same 
color as the least refrangible rays of light, and is said to be red hot If it 
be heated more, it emits, in addition to the red, still more refrangible rays^ 
Tiz^ orange; tiien (at a higher temperature) yellow raya are added, and so 
€0, until when the body is whUe hot, it emits all the colors visible to us; 
and in some instances (of very intense heatX even the invisible chemical rays, 
more refrangible than the violet^ are emitted, though m less quantity than 
in the solar rays. Thus light appears to be nothing more than visible heat, 
and heat invisible light — ^the constitution of the eye being such that it can 
perceive one and not the other, in the same way as the ear can appreciate 
vibrations of sound more rapid than sixteen per second, but not those which 
are less rapid. 

What ri s ^^^" "^^ study of the chemical principle contained in the 
fact has the rays of solar light has rendered probable the curious &ci, that 
Sendcai'prin- ^^ substance can be exposed to the sun's rays without un- 
dpie of light dergoing a chemical change ; and from numerous examples it 
evolved ? would seem that the changes in the molecular condition of 

bodies which sunlight effects during the daytime, is made up during the 
hours of nighty when the action is no longer influencing them. Thus dark- 
ness appears to be essential to the healthy condition of all organized and im- 
organized forms of matter. 

Upon what doei The proccss of forming Daguerreotype and 
ofphSt^^hiS other photographic pictures, depends solely 
pictarea depend? ^^^^ ^j^^ actiuic, 01 chcmical influcnce of the 
fiolar ray. 

The term *' photography," signifying light drawing, which is the general 
name given to this art, is unfortunate and Hi-chosen, for not only does light 
not exercise any influence in producing the pictures, but it tends to destroy 
them. 

What are th "^^ essential steps of the process of forming a Daguerre- 

essential ateps otype picture consist in coating a suitable platp of metal with 
menSSype^ Some diemical compound easily affected by the action of the 
process? solarray. Such a coating is usually a compound of the ele* 

mentary body Iodine, The plate is then exposed to the imag# 
£>rmed by the lens of a camera obscura. Relatively, the quantity of light and 
actinism reflected from any object are the same ; theref<M:e as the light and 
shadows of the luminous image vary, so will the power of producing change 
upon the plate vary, and the result will be the production of an image which 
will be a faithful copy of nature, with reversed lights and shadows ; the 
lights darkening the plate, while the shadows preserve it white^ or unaltered. 

16* 
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If the plate were then left without further eare, the image formed would 
soon &de away, and leare no trace on its sur&ce. In practice, the plate id 
not exposed to the influence of light sufficiently long to form upon its sur- 
face an image risible to the eye, but the picture is developed, or brought out 
and rendered permanent by exposure to the vapor of mercury. This metal, 
in a state of very fine division, is condensed upon and adheres to those por> 
tions of the surface of the plate which have been subjected to the influence 
of the chemical action. Where Hie shadows are deep, there is scarcely a 
trace of mercuiy ; but where the lights are strong, the metcdlic dust is de- 
posited of considerable thickness. This deposition of mercury essentially con^ 
pletes and fixes the picture. 

The reason why the vapor of mercury attaches itself only to those portions 
of the plate which have been affected by the chemical influence of light is not 
definitely known: in all probability, we have involved the action of several 
forces. It is not, however, necessary that a surfiice should be chemically pre- 
pared to exhibit these results. A polished plate of metal, a piece of marble^ 
of glass, or even wood, when partially exposed to the action of light, will, 
when breathed upon, or presented to the action of mercurial vapor, show that 
a disturbance has been produced upon the portions which were illummated ; 
whereas no change can be detected upon the parts kept in the dark. . 

That the luminous principle is not necessary for the success 
meat ^Sows ^^ *^® photographic process, may be proved by the experi- 
that light is ment of taking a daguerreotype in absolute darkness. This 
ISrthe^odu^ can be accomplished in the following manner: — A large pris- 
tion of a pho- matic Spectrum is thrown upon a lens fitted into one ade of a 
tograp ic ro- ^^^^^ chamber; and as th6 actinic power resides in great ac- 
tivity at a point beyond the violet ray, where there is no light, 
the only rays allowed to pass the lens into the chamber are those beyond the 
limit of coloration, and non-luminous ; these are directed upon any object, and 
fix)m that object radiated upon a highly sensitive photographic sur&ce. In 
this way a picture may be formed by radiations which produce no effect upon 
the eye. 

Whatinfluenc* *^^^' There are many reasons for supposing that each of the 
do the three three principles, light, heat, and actinism, included in the solar 
the^^iar ray ^^^ exercise a distinct and peculiar influence upon vegeta- 
exert on rege- tion. Thus the luminous principle controls the growth and 
*•***'" ' .coloration of plants, the calorific principle their ripening and 

fructification, and the chemical principle the germination of seeds. Seeds 
which ordinarily require ten or twelve da^fs for germination, will germinate 
under a blue glass in two or three. The reason of this is, that the blue glass 
permits the chemical principle of light to pass freely, but excludes, in a great 
measure, the heat and the light On the coi^trary, it is nearly impossible to 
make seeds germinate under a yellow glass, because it excludes nearly aU 
the chemical influence of the solar ray. 
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If an opening 
be made in klie 
gide of a dark 
chamber hoir 
will images of 
external ob- 
jects be repre- 
sented f 



TOY. If we make a small aperture through the shutter of a 
darkened room, the images of external objects will be pio- 
tured indistinctly, and in an inverted position, upon the op* 
posite waU. The reason of this will appear evident firom aa 
inspection of Fig. 280. It will be seen that the rays of ligU 
diverging firom the top and bottom of the object cross each 
other in passing through the aperture, and consequently form an inverted 
image. This image is rendered more distinct with a small aperture than with 
a large one, since, in the first case, the rays which proceed from any particu- 
lar part of the object fall only upon the corresponding part of the image, and 
are not scattered indiscriminately over the whole picture, as they would be 
if the aperture was larger. 

Pig. 280. 




Describe the "^ ^° *^® V^Boe of the Voom with an aperture in the shutter, 
eonstraction of we substitute a dark box, with a double-convex lens fitted 
oicura.*™*'* ^^ ®^® ^^®» * picture will be formed on the opposite side of 
the box, or upon a screen placed at the focal distance of the 
lens. This picture will represent, with great beauty and distinctness, whatever 
IS in fix)nt of the lens, all the objects having their proper relations of light and 
shadow, and their proper colors. Such an apparatus is called a Camera 
Obscuba. 

Fig. 281 represents -the ordinary construction of the camera obscura Ifc 
consists of a wooden rectangular box, into which the rays of the light penetrate 
through a convex lens placed at the termination of the tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box 0, but 
if they are received upon a mirror, M, inclined at an angle of 45°, their direc- 
tion is changed, and the image will l)e formed upon a screen, or plate of 
ground glass, N, placed at the top of the box. By placing upon this screen a 
sheet of tracing paper, the outlines of the image may be readily copied. 
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Such * modification of the camera is very conyenient for artiBta and traT^n 
in iketching landsoapesi eta 

1*10. 281. 




How does the 
eje resemble 
the 
obflcaraf 



708. The mechanical arrangement of the 
eye in man and the higher animals is the same 
as that of the camera obscura, being simply a 
double-convex lens, fitted into one side of a spherical 
chamber, through which the rays of light pass to form an 
inverted picture upon the back of the chamber.* 
What Is the ^^ man, the organs of vision consist of two 
5?r<?thf^e hollow spheres, each about an inch in diam- 
in man f ^^g ^^ filled with ccrtaiu transparent liquids, and 

deposited in cavities of suitable magnitude and form, in 
the upper part of the front of -the head on each side of 
the nose. 

The sphere of the eye, or the eye-ball, is 
moved in its socket by muscles attached to 
different points of its surface, so that it is 
capable of being moved within certain limits 
in every direction. 

* This may be proved by taking the eye of a recently-killed bnlloek and outdnga atnaU 
liole in the upper part of the ball, looking into the interior. 



How are ire 
enabled to 
move the eye 
in different di- 
rections? 
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Fig. 282. The arrangement of these 

muscles is shown in fig. 282, 
where the external bones of 
the temple are supposed to be 
removed in order to render 
them visible. The muscle, 1, 
raises the eyelid, and is con« 
stantly in action while we are 
awake. During sleep, the 
muscle being in repose and 
relaxed, the eye-lid fiUls and 
protects the eye from the ac- 
tion of light The musde, 4, 
turns the eye upward; 5, 
downward; 6, outward; and 
a corresponding one on the in- 
side, not seen in the figure, 
turns it inward. Nos. 2 and 
10 turn the eye round its axis. 

©f what rto '^^^ ^y® consists essciitially of four coats, or 
does the ey« membraDes, called the Sclerotic coat, the 
Choroid coat, the Cornea, and the Eetina ; 
and these coats inclose three transparent liquids, called hu- 
mors — the Aqueous humor, the Vitreous humor, and the 
Crystalline humor, the last of which has the form of a lens. 
Deacribe the Tho Sclcrotic coat is the external coat of the 
Sclerotic coat ^^^^ ^^^ ^j^^ ^^^ ^^^^ which thc maintenance 

of the form of the eye chiefly depends. 

It is a strong, tough 




membrane, and to it the 
muscles which move the 
eye are attached. It cov- 
ers about four fifths of the 
external surface of the 
eye-ball, leaving, however, 
two circular openings, one 
before and the other be- 
hind the eye. Its position 
is shown at i^ Fig. 283. 

IHiat is the The 

^™^^ Cornea 

is the clear, trans- 
parent coat which 



Fig. 283. 
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forms the front of the eye-balL It is firmly united to, or 
fixed in the sclerotic coat, like the glass in the case of a 
watch. 

The Gomea ia repreiented at a, Fig. 283. 
What la the ^^6 Choroid coat is a delicate membrane, 
Choroid coat? jj^jj^g ^j^^ ^^^^^ Burfacc of the sclerotic coat, 

and covered on the interior with a black pigment. 

It is represeated at A;, Fig. 283. 

What i« the ^^^ Betina is a delicate, transparent mem- 
Bethiar brane which spreads over the chief part of the 
internal surface of the eye-ball, and is situated imme- 
diately within and close to the choroid coat. 
The poeitioii of the Betina is shown at m, Fig. 283. 

Hoirtathere- The retina is formed by the expansion of a 
tina formed? . nervc Called the optic nerve, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressions 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might be in 
other respects perfect, the sense of sight would be de- 
stroyed. 

No> 11, Fig. 282, and n, Fig. 283, exhibit the relative position of the 
optiiO nerve. 

What la the ^^ looking iuto thc eye from without, we 
^^' perceive a flat, circular membrane, which, in 
different eyes, is of a black, blue, or gray color. This 
membrane is called the Iris, and divides the eye into two 
very unequal portions. 

The Iris is represented at c d^ Fig. 283. 

The Pupil of the eye is the circular black 
Pupu of thi opening in the center of the iris, and is the 
*^^ space through which light is admitted inta 

the interior of the eye. 

The open space between c and d^ Fig. 283, represents the pupiL It ia^ 
properly speaking, the window of the eye, and appears black, only because 
the chamber within and behind it is dark. When a small quantity of light 
enters the eye the pupil widens or expands ; but when a large quantity enterSi 
it closes or contracts. 
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The two parts into which the iris divides the eye are 
'Called the anterior and posterior chambers. 
What are the ^hc anterior chamber, or the space before 
X^uB S^ *^® ^ris, is filled with a fluid resembling pure 
mora? water, and therefore called the aqueous hu- 

mor ; and the posterior chamber, or the space behind the 
iris, is filled with a thick liquid, somewhat resembling the 
white of an egg, called the vitreous humor. 

In Fig. 283, h e reprasentB the aqueous humor, and h the vitreous humor, 
this last occupying all the interior of the chamber of the eye. 

The crystalline lens is composed of a more solid sub- 
stance than either the aqueous or vitreous humor. It is 
inclosed within a transparent bag, or capsule, having the 
form of a double-convex lens, and is suspended imme- 
diately behind the iris, and between the aqueous and 
vitreous humors. 

Its form and portion are represented at/, Fig. 283. 
\ow do we by 709. Rays of light proceeding from an ob- 
*he ey?°p^- J®^* *^^ entering the eye, are refracted by the 
^ire objects? comca and crystalline lens, and made to con- 
Verge to a focus at the back of the eye, and form an 
image upon the retina. This image, by producing a sen- 
tsation upon the optic nerve, conveys in some unknown 
way to the mind a perception and knowledge of the ex- 
ternal object. 

Fig. 284 represents the manner in 1^0. 284. 

Which the image is formed upon the 
retina in the perfect eye. The curva- 
ture of the oomea, a 5, and of the 
ciTStalline lens, c c, is just sufficient 
to cause the rays of light proceeding 
from the image, I V^ to oonveige to 
the right focus, m m, upon the retina. 

wheiidoe«di». Distinct vision can only take place in the 
t^iduontake qjq whcu the comca and crystalline lens have 
such convexities as to bring the rays of light 
proceeding from an object to an exact focus upon the 
retina. 
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HoiriitlM«]r« 

^ffi^l ^ ^ to M6 

oUfeeU dU- 
ttnetTTftt differ- 
•nldlHiaoMf 



Fxa. 286. 



Ab the raja of light prooeedisg from distant objects enter 
the eye at different angleSi thej will naturally tend to meet 
at different fod after refraction by the crysuUine lens, and 
thus form indistinct imagesL This is remedied by a power 
which the eye possesses of adi^King itself to the direction of 
the light proceeding from various distances, so that in the healthy eye^ rays 
coming from near and distant objects are aU equally conveiged to a locus on 
the same pomt of the retina^ How the eye effects this is not certainly known, 
but it is BUj^xMod to be by increasing or Himinwhing the apheridty of the 
orystalline lens and cornea. 

What i« the ^ person is said to be near-sighted when 
S^htotoeirf' *t® curvature of the cornea and crystalline 
lens is so great, that the rays of light which 
form the image are brought to a focus before they reach 
the retina, or the back part of the eye. The object, there- 
fore, is not distinctly seen. 
Fig. 285 represents the manner 
in which the image is formed in 
the eye of a near-sighted person. 
The curvature of the cornea, 8 s^ 
{md of the crystalline lens, e c^ is 
so great that the image is formed 
at m m, in adyance of the re- 
tina. 

Short-fflghtedness is remedied either by holing the objed 
nearer to the eye, or by the employment of spectacles the 
glasses of which are concave lenses. In both cases the rays 
proceeding from the object enter the eye with a greater degree of divergence, 
and therefore do not converge so soon to a focus. 

What i8 the '^ person is said to be far-sighted when, on 
cause of far- accouut of a flattcnino: of the cornea and the 

nghtedncM? ^ 

crystalline lens, the rays of light do not con- 
verge sufficiently to form a distinct image upon the retina. 

Fig. 286, represents the manner 
in which the image is formed in 
the eye, when the cornea or crys- 
talline lens is flattened. The per- 
fect image would be produced at 
m m, behind the retina, and, of 
course, beyond the point necessary 
to secure distinct vision. 

Hovmaylonff. Long-dghtedness may bo remedied by the employment of 
fliffhtedneM be ^ i ^^ « « , . , * "l.. 

remedied? Spectacles, the glasses of which are convex lenses. Theee^ by 




Hoir le short- 
sightedneie 
remedied f 
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Jncreaoog the oonveiigeiice of rays of light passing through them, bring them 
sooner to a focus in the eye, and thus produce the image iq>on the right point 
of the retina.* 

Most persons of advanced age are troubled with long-sightedness, and are 
obliged to use spectacles. The reason of this is, that as the physical organi- 
zation of the body beccmies enfeebled, the humors of the eye dry up, or 
are absorbed, and in consequence of this, the cornea and crystalline lens 
shrink and become flattened. 

Beside these defects of the eye^ a person may have the sense of vision 
liBpaired or destroyed by an injury or disease of the optic nerve, or by a dimi- 
nution of the transparency of the crystalline lens; the first of thes^^ses is 
called amaurosis^ and is incurable— the second, which is called caiaraci, may 
becured. 

As the imaffM "^^ images formed by the rays of light upon the retina are 
on the retiiu inverted. It may, therefore, be asked why all visible objects 
iSy do^enot ^® ^^ appear upside down? The explanation of tiiis curious 
see them up- point, which has formed the subject of much dispute, appears 
aide down? ^ ^ ^j^jg. ^^ object appears to be inverted only as it is com- 

pared with some other objects which are erect If all objects hold the same 
relative position, none can be properly said to be inverted. Now, since all 
the images produced upon the retina hold, with relation to each other, the 
same position, none are mverted with respect to others; and as such images 
alone can be the object of vision, no one object of vision can be inverted with 
respect to any other object of vision ; and, consequently, all being seen in the 
same }X)6ition, that i)osition is called the erect position. 

710. The optic axis of the eye is a line 
optic azia of drawn perpendicularly through the center of 

*^ the cornea, and center of the eye-ball. 

^^d^we^t The reason why with two eyes we do not see 
JSnt^SfaHE double is, because the axis of both eyes is 
jectdouwef tumcd to ouo poiut, and therefore the same 
impression is made on the retina of each eye. 

The law of vision for visible objects is entirely different from that for points 
A visible object can not, in all its parts, be seen single at the same instant of 
time, but the two eyes converge their axes to the near and the remote parts of 
It in succession, and thus give an idea of the different distances of its parts. 
Jtay defect which will prevent the two eyes from moving together conjointly, 
and from converging their optic axes upon every point of an object in sucoes- 
mon, will be &tal to distinct viaon. 

* Btrdf of prey are enabled to a^jnst their eyes bo as to see objects at a great distance, 
and again those which are very near. The first is aooomplished by means of a mnscle in 
the eye, which permits them to flatten the cornea by drawing back the crystalUne lens ; 
and to enable them to perceive distinctly very near objects, their eyes are Axmished with 
a flexible bony rim, by which the cornea is thrown forward at will, and the eye thus ren- 
dered aear-flighted. 
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How ma don Double vifiion may be produced by pressing 
w« ▼J^n be slightly from the side upon the ball of either 
eye while viewing an object ; the pressure of 
the finger prevents the ball of one eye from following the 
motion of the other^ and the axis of vision in each eye 
being rendered different^ we see two images. 

Strabismus, or sqmnting, is caused by the inability of one eye to ioBow tli9 
motioDs of the other, and persons so affected always see doable ; practice^ 
howerer, giyes them power of attending to the sensation of only cob eye at a~ 
time. 

It is fix>m this inability of the eye to fix its optical axis that dmnkards see 
doable. 

Hoir do ire *^^' ^® J^^S® ^^ *^® distauce and size of 
Judge of the an object by the relative direction of lines 

dutance and _ . _ ., . 

■ice of an ob- drawu from the object to the eye, and by the 
angle which the intersection of these lines 
makes with the eye. This angle is called the angle of 
vision. 

Fio. 287. 
A 




Th6 student will bear in mind that an angle is simply the 

an2e*of vlsioiL inclination of two lines without any regard to their length. 

Thus, in Fig. 287, the lines drawn from A and B, and D, 

which may be supposed to represent rays of light, meet at the eye, and form 

an angle at the point of intersection. This angle is the angle of vision. 

If A B, Fig. 287, represent a man on a distant mountain, or on a church 
steeple^ and G D a crow dose by, the angle formed by the inclination of Hm 
Ihies proceedmg from the two objects will be equal, or the line A B, which m 
the height of the man, will subtend the same angle as the line G D, which is 
the height of the crow; and therefore the man appears at such a distance no 
larger than a crow. 

How !■ fbe ^® nearer an object is to the eye, the greater must be the 

angle of Tision inclination of the lines drawn from its extremities to intersect 

dSton^f ^ ^^ ^^"'^ ^ ^^^^^ ^^ ^^^ ^y^ ^^^ consequently the greater 

will bo its angle of vision. On the contrary, the more lemotd 
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an object is from the eye, tbe leas will be the mclination of tiie lines, and the 
less the angle of vision. The nearer an object la to the eye, therefore^ the 
larger it will appear. 

Fio. 288. 




Thns the trees and houses &t down a street or avenue appear smaller than 
those near by, and the size of a vessel seen at sea diminishes with the increase 
of distance, as is shown in Fig. 288. The moon, on account of its proximity, 
appears much larger than any of the stars or planets, although \t is, in fact, 
very much smaller. 

FiQ. 289. 
A 




v!^ 



Let A B, ¥lg. 289, represent a planet, and D the moon. The angle of 
vision which the plimet A B makes with the eye at Gr, is evidently less than 
the angle which the moon subtends at the same point To a spectator at G>, 
therefore, A B, though much the larger body, will appear no larger than 
E F; whereas the moon, C D, will appear as large as the line G D. 

When wiu an "^12. When ail object is so remote, or so 
«^**1 *?E!S small, that lines drawn from its extremities 

Ml a mere / 

v^^f form no appreciable angle at the eye, the ob- 

ject appears as a mere speck or point. 
Hoir iman an ^^^ ^7^9 ^*^ ^^ Ordinary amount of light, 
toK?^'* can see an object which occupies in the field 
of view a space of only the sixtieth of a de- 
gree (or one minute). 

This space is about tbe 100th of an inch in a circle of twelve inches diameter, 
the eye bemg supposed to be in the center of the circle. Now a body smaller 
than this at six inches from the eye, or any thing, however large, placed so 
fiir from tbe eye as to occupy in the Md of viewless space than this^ is invis* 
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ible to ordinaiy m^t At four miles of!^ a nuui beoomefl thus inTisible^ and 
a pin-head near hy will hide a houae on a distant hill.* 

whi* do w *^18. When we say we see an object, we 
SJ^r^ M mean that the mind is taking cognizance of a 
oijeetr picture or image of the object formed on the 

retina. The manner in which the sensation is conveyed 
by the optic nerve to the brain, and a knowledge of the 
external object imparted to the mind, is entirely un- 
known. 

^^ As the picture, or image on the retina, is formed on a com- 

of right giro paratively flat sor&oe, the sense of sight can not of itself af- 
MoSonoffiMnn^ ^"^^ "^^ immediate perception of the distance^ size, or position 
rise, poritton, of external objects. This knowledge we gain by experience 
*^ ^ derived from continued observation, and from the other senses. 

A young child has no conception of distance, and grasps at the moon as if 
it were an object inmiediately within its reach. Persons bom blind and re< 
stored to sight by surgical operations^ although able to see distinctly, can not 
properly comprehend any object or prospect before them. " I see men as 
trees walking," said the man bom blind when restored to sight Individuals 
thus situated acquire the correct sense of vision only by degrees, like in&nts, 
and it is by experience that they leam to walk about among the objects 
around them, without the continual apprehension of striking themselves 
against every thing they behold. 

What iM Per. Perspective is the name given to that science 
spectiye? which tcachcs how to draw on a plane surface 
true pictures of objects as they appear to the eye from any 
distance and in any position. 

The skill of the artist consists in rightly applyinj^ the laws and prindples 
of perspective ; and a picture is perfect to the extent in which it agrees with 
our experience of the objects it represents. 

714. Many optical and mental delusions are occasioned 

in estimating the size, figure, and position of objects, by 

* " The smaneet partiele of a white eahetanee diettngidBhahle by the naked eye npoft a 
Maek ground, or of a black snbstanee npon a white ground, la about the l-400th of an 
Inch Bqnare. It is potsible, by the closest attention, and by the most favorable direettoa 
of light, to recognise particles that are only 1 -540th of an ineh sqnare, bat without any 
sharpness or certainty. But particles whidi strongly refleet light may be seen when not 
half the sijEe of the least of the foregoing : thus, gold dust of the flneness of 1.1125th of an 
inch may be discerned by the naked eye in common daylight When particles that can 
not be distinguished by themselves with the naked eye are placed in a row, they become 
▼irible ; and hence the delicacy of vision is greater for lines than for single particles. 
Thus, opaque threads of no more than 1.4900th of an inch across, or about half the diam- 
eter of the (tilkworm^s fiber, may be discerned with the naked eye when they are held 
toward the light*''Z>r. CarperUer, 
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an erroneous application of the experience which in ordi- 
nary cases supplies true and accurate conclusions. 

Thus, to most persons a conflagration at night, however 
xDi^dgtt the distant, appears as if very near. The explanation of this mis- 
flr«*°ta **Uie ^'^^ ^ ** follows: — flight radiating from a center rapidlj 
iii«htf weakens as the distance from the center increases, being, for 

instance^ only one fourth part as intense at double the dis- 
tance. The eye learns to make these allowances, and by the clearness and 
intensity of the light proceeding from the object, judges with considerable ac- 
curacy of the comparative distance. But a fire at night appears uncommonly 
brilliant, and therefore seems near. 

The eveningHSrt»r rising over a hiU-top, appears as if situated du-ectly over 
the top of the eminence. The reason of this also is, that in judging we make 
brightness and deamess to depend on contiguity, as it ordinarily does; and 
as the star is bright, we unconsciously think it near us. 
WhTdothonm ^^ consequence of terrestrial objects being placed in dose 
and moon ap- comparison, the sun and moon appear larger at their rising 
when TiBiMand *°^ setting than at any other time. This illusion is wholly a 
setti^ than at mental one, since the organs of vision do not present to us a 
other times? larger image of the sun or moon in the horizon than when in 
the zenith, or overhead. 

Wh d 8 th ^^ moon, although a sphere, appears to be a flat surface, 

moon, a sphere, since it is SO remote that we are unable to distinguish any 

SfsurfkS f * difference between the length of the rays reflected from the 

circumference, and those reflected from the center. 

Thus the rays A D and C B, Fig. 290, appear to be no longer than the ray 

_ B D ; but if all the rays seem 

of the same length, the part B 

/^ -^ will not seem to be nearer to 

us than A and ; and there- 
fore the curve ABC will look 
like a flat, or horizontal surface. The rays A t) and D are 240,000 miles 
long. The ray B D is 238,910 miles long. 

^^^^ t^o 715, In order that the eye may see distinctly, 
^^fo/dSl the picture formed upon the retina must be 
tinctTisionr illuminated to the right degree, and it must 
also remain sufficiently long upon the retina to produce b^ 
sensation upon the optic nerve. 

■ The image of an object on the retina may be illuminated too much or too 
little to produce a sensible perception of its form. Thus, we can gain no idea 
of the form of the sun by viewing it in the dear sky, because the -degree of 
illumination is so great, that the sense of vision is overpowered, just as sounds 
are sometimes so intense as to be deafening. That it is the intense splendop 
alone which prevents a distinct perception of the sun's figure, is rendered 
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evident bj the (act that when a portion of the light is cut off by a colored 
glass, or a thin cloud, the image of the sun is seen distmctly. On the con- 
traiy, we fiul to perceive many stars at night, because the images thej pro- 
duce on the retina are too fiuntly illuminated to produce sensation. ^Diat 
some light from such stars actuaUy enters the eye, is proved by the fact that 
if we place a lens before the eye, and collect a greater quantity of their light 
upon the retina, they at once become visible. 

Gto the eje ^^^^ ^7® posscsses a limited power of accom- 
S^^*Jrmi- modating itself to various degrees of illumi- 
■>*"»^'**^' natioiL ,In the darkj the pupil of the eye 
enlarges its opening, and allows a greater number of rays 
to fall upon the retina ; in the light, the pupil contracts 
in proportion to the intensity of the illumination, and 
diminishes the number of rays falling upon the retina. 

Wh in inff ^^ change does not take place instantaneously. When 
from* the light we leave a brilliantly illuminated apartment at night and go 
fajtojOie^^k, j^j^ ^Q ^^^ street, wo are unable for a few moments to see 
difficult at fint any thing distinctly. The reason of this is, that the pupil of 
tMnJf* any ^^ ^^^ which has become contracted in the light, is unable 
to collect sufficient rays from the objects m the dark to see 
them distinctly. In a few moments, however, the pupil dilates, allows man 
rays to pass through its aperture, and we see more distinctly. The leiverBS 
of this takes place when we go from the dark into the light Cats^ owls^ and 
some other animals are able to see distinctly in the dark, because they have 
the power of enlarging the pupils of their eyes so as to o^ect the scattered 
rays of light. 

Every impresmon made by light remains for a certain length of time on 
the retina of the eye, according to the intensity of its effects, and a measur- 
able period is necessary to produce a sensation. 

_. . . We are unable, when riding rapidly on a railroad, to count 

prove the eon- the posts of an adjoinmg fence, because the light from each 
^™fj* °' ^* post fiUls upon the eye m such rapid succession, that the dif- 
iretinaaS^the ferent images become confused and blended, and we do not 
ip^MSdf*"*" obtain a distinct vision of the particular parts. 

If we rotate a stick, lighted at one end, somewhat rapidly, 
it seems to produce a complete circle of fire ; the reason of this is, that the 
l^e retains the image of any bright object for some littie time after the object 
is withdrawn ; and as the light of the stick returns to each particular point of 
its path befcHre the image previously formed has &ded from the retina, it seems 
to form a complete circle of fire. 

_. . .. . This continuance of the impression of external objects on 
dark when we the retina afi^er the light proceeding from them has ceased to 
^^^°^' act, is the reason also why we are not sensible of darknen 

When we wink. 
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T^e apparent motion of certain colored figures in worsted work, known by 
the name of the " dancing mice," is due to the &ct that when the surface 
is moved in a particular direction, as from side to side, the impression of the 
color on the retina remains for an appreciable interval after the figures have 
moved, and this gives to them an apparent motion. This effect will not^ 
however, take plaoe unless the colors of the figures and the ground- work are 
very brilliant and complementary of each other, as red upon a green ground. 

whenumotion 716. No motion IS perceptible to the eye 
wSS^y^?** which has a less apparent velocity than one 
degree per minute. 

It la for this reason that the motions of the heavenly bodies are invisible, not- 
withstanding their immense velocity. The apparent motion of the sun, moon, 
and stars, owing to the revolution of the earth, is one quarter of a degree a 
minute ; but if the earth revolved on its axis in six hours instead of twenty- 
four, then the celestial bodies would have a motion of one degree per minute, 
and their movements would be distinctiy perceptible. 

For the same reason, the motions of the hands of a dock are not per- 
ceptible to the eye. 

On the contrary, when a body moves with such rapidity from one position 
to another, that its image does not remain long enough upon one point of the 
retina to sufficiently impress it, it becomes invisible. Hence it is that a 
ball discharged fix>m a cannon, and passing transveii^y across the eye, is not 



Hoir iB api>a. Apparent motion is aflfected by distance, and 
"^i^ThP^ tlie motion of a body which is visible at one 
*^**' distance may be invisible at another, inasmuch 

as the angular velocity will be increased as the distance is 
diminished. 

Thus, if an object at a distance of 67^ feet fi'om the eye move at the rate 
of a foot per second, it will appear to move at the rate of one degree per 
second, inasmuch as a line one foot long at 67^ feet distance subtends an 
angle of one degree. Now if the eye be removed fiom such an object to a 
distance of 115 feet, the apparent motion will be half a degree, or thirty min- 
utes per second ; and if it be removed to thirty times that distance, the ap- 
parent motion will be thirty times slower. Or if, on tiie other hand, the eya 
be brought nearer to the object, the apparent motion will be accelerated i« 
tocactly the same proportion as the distance of the eye is diminished. 

A cannon-ball moving at 1,000 miles an hour transversely to the line of 
vision, and at a distance of fifty yards from the eye, will be invisible, since it 
will not remain a sufficient time in any one position to produce perception. 
The moon, however, moving with more ttian double the velocity of the can- 
non-ball, being at a distance of 240,000 miles, has an apparent motion so alow 
as to be imperceptible to the unassisted eye. 
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OPTICAL IHBTBUMSVTB. 

1^ 717. The portable camera obscora, each as is ordmarilj 

portable earn- used Sat photographic parposes, consists of a pair of achro* 

^"^ ^ matic double convex lensesy set in a brass mounting (see Ei^ 

Fig: 29L 291), into a box consisting of two parts, one of whidh 

a slides within the other. The total length of the box is 
adjusted to suit the focal distance of the lens. In the 
back of the box, which can be opened, there is a square 
piece of ground glass which receives the images of the 
■ objects to which the lens is directed, and by sliding the 
movable part of the box in or out, the 

ground glass can be brought to the ^^' 292. 

precise fixnis. The interior of the box 
is blackened all over to extinguish 
any stray light 

The appearance of the camera as 
described is represented by ilg. 292. 

What are Spec 718. Spepta- 

*~^^ cles consist of 
two glass or crystal lenses, 
of such a character as to 

remedy the defects of vision in imperfect eyes, — mounted 
in a fi^me so as to be conveniently supported before the 
eyes. 

Spectacles are of two kinds, namely those 
with convex glasses, which magnify objects, 
or bring their images nearer to the eyes ; 
and those with concave glasses, which diminish the ap- 
parent size of objects, or extend the limits of distinct 
vision. 

Some persons, in order to protect the eye from excessive light, use blue 
glasses as spectacles; they are, however, more mischievous than useful, since 
they absorb different parts of the spectrum unequally, and transmit the violet 
and blue rays. 

What tea Ml- ^19. A Microscopc is any instrument which 

croicope? magnifies the images of minute objects, and 

enables us to see them with greater distinctness. This 

result is produced by enlarging the angle of vision under 



What are the 
two varieties 
ofqwetaciea? 
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which the object is seen — since the apparent magnitude 
of every body increases or diminishes with the size of this 
angle. 

Microscopes are of two kinds — simple and compound. 
What are the ^^ *^^ simplc microscopc, the object under 
two Tarietiea examination is viewed directly, either by a 
simple or compound converging lens. 

In the compound microscope, an optical image of tho 
object, produced upon au enlarged scale, is thus viewed. 

Th» simple microsoope is generally a simple convex lens, in the tocus of 

which the object to be examined 



Fio. 293. 




much enlarged, as shown in the image A' B'. 

Fig. 294 represents the most im- 
proved fi>nn of nK>untmg a simple 
microscope. A horizontal support, 
capable of being elevated or depressed 
by means of a screw and ratch-work, 
B, sustains a double-convex lens, A. 
The object to be viewed is placed 
upon a piece of glass, C, upon a stand- 
ard, B, immediately below the lens. 
As it is desirable that the object to 
be magnified should be strongly 
illuminated, a concave mirror of glass, 
M, is placed at the base of the instru- 
ment, inclined at such an angle as to 
reflect the rays of light which &11 
upon it directly upon the object 

What is the 720. The Com- 
SJ^wuiSi pound^ Micro- . 
scope, in its most 



is placed. Little spheres of glassy 
formed by melting glass threads 
in the flame of a candle, form 
very powerful microscopes. 

Fig. 293 represents the mag- 
nifying principle of the micro- 
scope. An eye at E would see 
the arrow A B, under the visual 
angle A B B ; but when the 
lens, F F' is interposed, it is 
seen under the visual angle at 
Af E B', and hence it appears 



Fig. 294. 



Microscope? 
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simple form, consists of two lenses, so arranged that 
the second lens magnifies the image formed by the first 
lens, or simple microscope. In this way the image of 
the object is examined by the eye, and not the object 
itself. 

The first of these lenses is called the object- 
lensei of % glass, OT objectivc, since it is always directed 
er.MjoDedesig- immediately to the object, which is placed 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as the eye of the observer is applied 
to it to view the magnified image of the object. 

Fia. 295. 




Fig. 296 illustrates the magnifying principle of the compound microaoope. 
O represents the object-glass j)laced near the object to be viewed, A B, and 
G, the eye-glass placed near the eye of the observer, E. The object-glass, 0, 
presents a magnified and inverted image, a &, of the object at the focus of the 
eye-glass, Gr, The image thus formed, by means of the second lens or eye- 
glass, G, is magnified and brought to the eye at E, so as to appear under the 
enlarged visual angle, A' E B'. If we suppose the object-glass, 0, to have a 
magnifying power of 25 — ^that is, if the image a h equals 25 A B, and the 
eye-glass, G, to have a magnifying power of 4 — ^then the total magnifying 
power of the microscope will be 4= times 25, or 100 ; that is to say, tho 
image will appear 100 limes the size of the object 

Fig. 296 represents the most approved form of mounting the lenses 
^^ch compose a compound microscope. The tube, A, which contains in 
its upper part the eye-glass, slides into another tube, B, in the bottom of 
which the object-glass is fixed ; this last tube also moves up and down in 
the stand, C, and in this way the lenses in the tubes may be adjusted to tho 
proper disttmce fi-om each other and the object. M is a mirror for reflecting 
light upon the object, and S a support on which ^e object to be ezaniiiied 
IB placed. 
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Whftt is a 
Telescope f 



How many 
kinds of tele- 
scopes are 
there? 



721. A Telescope is any ^o- 296. 

instrument which magni- 
fies and renders visible to the eye the 

images of distant objects. This result 

is effected in the same manner as in 

the microscope, viz., by enlarging the 

visual angle under which the objects 

are seen. 

Telescopes are of two 
kinds, refracting telescopes 
and reflecting telescopes; 

the principle of construction in both 

being the same as that of the com- 
pound microscope. 

What is a Re. ^22. The Eefracting 

^^ng Tele- Tclcscope cousists essen- 
tially of two convex lenses, 

the object-glass and the eye-glass. 

An inverted image of an object, as a 

star, is produced by the object-glass, 

and magnified by the eye-glass. 

Fig. 297 represents the principle of constraction 
of the astronomical refracting telescope. is an 

object-glass placed at the end of a tube, which collects the rays proceeding 
from a distant object and forms on inverted image of the same at o o\ in tho 
focus of the eye-glass, G. By this the image is magnified and viewed by tha 
eye at E. 

EiG. 297. 





What is 
Eqoatorial 
Telescope? 



723. When a telescope is mounted on an 
axis inclined to the latitude of a place, so that 
it can follow a star, or planet, in its diurnal 

revolution, by a single motion, it is called an Equato- 

BiAL Telescope. 

Snch an instrument is generally moved by clock-work, and is accurately 
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ooanterbalanoed hj an arrangement of weights. A small telescope called the 
finder, is attached near the eye end of the large one ; this is so adjusted that 
when the object is seen through it, it appears in the field of the large tele- 
scope, thus saving much trouble in directing the instrument toward any par- 
ticular object 

The mounting and attadunents of an equatorial telescope are repreeented 
in Fig. 298. 

Fig. 298. 




WhatisaSpT< 



724. A spy-glass, or terrestrial telescope, 
differs from an astronomical telescope only in 
an adjustment of lenses, which enables the observer to see 
the images of objects erect instead of inverted. This is 
effected by the addition of two lenses placed between the 
eye and the image. 

The arrangement of the lenses, and the course of the rays of light, in a 
common spy-glass, are represented in Fig. 299. is the object-glass, and G 
L M the eye-glasses, placed at distances fh)m each other equal to double their 
focal length. The progress of the rays through the object-glass, 0, and the 
first eye-glass, C, is the same as in the astronomical telescope, and an inverted 
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faiage is fonned ; but the second lens, L, reverses the image, which is viewed 
therefore^ in an erect position by the last eye-glassy U, 

Fig. 299. 

a 01 




Fia. 300. 




What ia the 725. The common opera-glass, also called 
conrtruction^ the Galfleaii telescope from Galileo, its in- 
*^^' ventor, consists of a single convex object-glass 

and a concave eye-glass. 

fig. 300 represents 
the construction of this 
form of telescope. is 
a single convex object- 
glass, in the focus of 
which an inverted image 

of the object would be naturally formed, were it not for the interposition of 
the double-concave lens^ E. This receiving the converging rays of light, 
causes them to diverge and enter the eye parallel, and form an erect image. 

What Is a Re- ^26. A Ecflecting Telescope consists essen- 

flM&i^g Tele- tially of a concave mirror, the image in which 

is magnified by means of a lens. The mirror 

•employed in reflecting telescopes is made of polished 

metal, and is termed a speculum. 

The manner in which the rays of light falling upon the concave speculum 
of a reflecting telescope are caused to converge to a focus is clearly shown 
in Fig. 301. The image formed at this focus is viewed through a double- 
convex lens. 

Fia. SOL 




fig. 302 represents one of the earliest forms of the reflecting telescope, called 
from its inventor, Mr. Gregory, the " Gregorian Telescope." It consists of 
a concave metallic speculum, A B, with a hole in its center, and a convex 
eye-glass, E, the whole being fitted into a tube. An inverted ima^ n' fn\ 
of a distant object is formed by the speculum, A B ; this image ia a^saia 
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FiO. 302. 




reflected by a small 
mirror, C D, and forma 
an erect image at n fn, 
which is magnified by 
the lens, E, when ob- 
served by the eyet 



PiQ. 303. 




Another Ibrm of 
the reflecting tele- 
scope, called the 
Newtonian, is rep- 
resented in Fig. 303. 
It consists of a large 
concave speculum, 
A B, set in one end 
of a tube, and a small plane mirror, C D, placed obliquely to the axis of the 
tube. The image of a distant object formed by the speculum, A £ is reflect- 
ed by the mirror, C D, to a point, w! »', on the side of the tube, and is there 
viewed through an eye-glass, E. 

Fig. 304. Large reflecting telesoopea^ 

at the present day, are so con- 
structed as to dispense with 
the small mirror. This is ac- 
complished by slightly inclin- 
ing the large speculum, so as 
to throw the image on one 
side where it is viewed by an eye-glass, as is represented in Fig. 304. 

Fia. 305. 
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The largest telescope ever oonstracted is that made by Lord Bosse. This 
iDstniment^ which is a reflecting telescope, is located at Parsonstown, in 
Ireland. Its external appearance and method of mounting is represented in 
Fig. 305. The diameter of the speculum is 6 feet, and its weight about 4 tons. 
The tube in which it is placed is of wood hooped with iron, 52 feet in length, 
and 7 feet m diameter. It is counterpoised in every direction, and moves 
between two walls, 24 feet distant, 72 feet long, and 48 feet high. The ob- 
server stands on a platform which rises or falls, or at great elevation upoa 
sliding galleries which draw out from the waU. 

This telescope commands an immense field of vision, and it is said that cb* 
jects as small as 100 yards' cube, can be distinctly observed by it in the moon 
at a -distance of 240,000 miles.* 

whatisaHagio 727. The Magic Lantern is an optical in- 
Lantern? gtrument adapted for exhibiting pictures paint- 
ed on glass in transparent colors^ on a large scale^ by means 
of magnifying lenses. 

Fia. 306. 




It consists of a metallic box, or lantern, A A^, Fig. 306, containing a lamp, 
L, behind which is placed a metallic concave mirror, p q. In front of the 
lamp are two lenses, fixed in a tube projecting from the side of the lantern, 
one of which, m^ is called the illuminator, and the other the magnifier. The 
objects to be exhibited are painted on thin plates of glass, which are intro- 
duced by a narrow opening in the tube, c d, between the two lensea The 
mirror and the first lens, m, serve to illuminate the painting in a high degree^ 
for the lamp being placed in their foci, they throw a brilliant light upon it^ 
and the magnifying lens, n, which can slide in its tube a little backward and 
forward, is placed in such a position as to throw a highly magnified Image of 
the drawing upon a screen, several feet off, the precise focal distance being 
adjusted by sliding the lens. The further the lantern is withdrawn from the 

* Bj the aid of this mighty instrament, ** one of the most ironderful contribntiona of 
art and adence the irorld has yet seen,** what astronomers have before called nebula, on 
aooonnt of their dond-Hke appearance, have been discovered to be stars, or suns, analo- 
gous, in all probability, in constitution, to our own sun. In the constellations Andro- 
meda and the sword-hilt of Orion, both of which are visible to the naked eye, thesa 
cloud-like patches have been seen as clusters of stars. 
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■ereen, the laif^er the image will appear; bat when the distaDoe ia ooofliderar 
Ue the image becomes indistinct 

What an Din- '^^^* ^^^ beautiful optical combinations 
■oiyingviews? ^nown as Dissolving Views are produced by 
means of two magic lanterns of equal power, so placed as 
to throw pictures of precisely equal magnitude on the 
same part of the same screen. By gradually closing 
&e aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolved 
away and changed into another. 

ThuS) if the picture prodnced by one lantern represents a day landscape, 
and the picture prodnoed by the other the same landscape by night, the one 
may be changed into the other so gradually as to imitate with great exactness 
the appearance of approaching night 

whatisasoitf 729. The Solar Microscope is an optical in- 
Microacope? gtrumeut coustructed on the principle of the 
magic lantern, but the light which illuminates the object 
is supplied by the sun instead of a lamp. 

This result is effected by admitting the rays of the sun into a darkened 
room, through a lens placed in an aperture in a window shutter, the rays 

being received by a plane mirrcH* fixed ob- 
liquely, outside the shutter, and thrown 
horizontally on the lens. The object is 
placed between this lens and another 
smaller lens, as in the magic lantern ; and 
the magnified unage formed is received upon 
a screen. In Fig. 307, which represents 
ihe construction of ih& solar microscope, G 
is a plane mirror, A the illuminating lens^ 
and B the magnifying lena The objects to 
be magnified are placed between the lenses A and £. In consequence of 
the superior illumination of the object by the rays of the sun, it will bear to 
•be magnified much more highly than with the lantern. Hence this form of 
microscope is often employed to represent, on a very enlarged scale, various 
minute natural objects, such as animalculaB existing in various liquids, crys- 
tallization of various Baits, and the structure of vegetable substances. 



Fig. 307. 




CHAPTER XT, 

ELECTRICITY. 

mat i> EiM. 730. Electricity is one of those subtle 
*»***y^ agents without weight, or form, that appear to 
be diffused through all nature, existing in all substances 
without affecting their volume or their temperature, or 
giving any indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden and 
destructive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

Hoirmayeiec- 731. Elcctricity may be excited, or called 
toi^ be ex- jjj^ activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

We do not know any reason why the means above enumerated should de- 
velop electricity from its latent condition, neither do we know whether elec- 
tricity is a Biaterial substance, a property of matter, or the vibration of an 
ether. The general opinion at the present day is that electricity, like light 
and heatj is the result of vibrations of an ether pervading all space, 

Hoir ia dec 732. The most ordinary and the easiest way 
ml^exeito^r of cxcitiug electricity is by mechanical action 

— by friction. 
Ho^ does dec- If WO rub a glass rod, or a piece of sealing- 
toricitjr ezdtod ^^^^ ^^ rcsiu, or amber, with a dry woolen, or 
msnifertitBeift ^jj^ Bubstauce, thcsc substauccs will imme- 
diately acquire the property of attracting light bodies, 
such as bits of paper, silk, gold-leaf, balls of pith, etc. 

This attractive force is so great, that even at the dis^ 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
IS called electricity. 

Thales, one of the seven wise men of Greece, noticed and recorded the 
&ct more than two thousand years ago, that amber when rubbed would at- 

16* 
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tract light bodies; and the name deetrieUfh med to deagnate such pheno- 
mena has been derired from the Greek word iiXtKTpovy electron, eignifjiag 



What ouwr «f- ^^ *^® fiiction of the glass^ wax, amber, etc., 
feeta iMride at- jg vigoroiifl, Small streams of light will be seen. 



SSctridSr**^ a crackling noise heard, and sometimes a re- 
"«'**^' markable odor will be perceived 

When isa body 733. When, by friction or other means, elec- 
gidtobeeiae. ^yjcity is developed in a body, it is said to be 

electrified, or electrically excited, 
whatiieieetrio The tendency which an electrified body has 

**'~****"' to move toward other bodies, or of other bodies 
toward it, is ascribed to a force called electric attraction, 
whatiseieetrie Evcry electrified body, in addition to its at- 

lepuiaionr tractivG force, manifests also a repulsive force. 
This is proved by the fact that light substances, after 
touching an electrified body, recede from it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

Thus, if we take a dry glass rod, rub it well 
Fig. 308. ^^ gjjj^ ^^ present it to a light pith ball, or 

feather, F, suspended from a support by a silk 
thread, the ball or feather will be attracted to- 
ward the glass, as seen at G, Fig. 308. After it 
has adhered to it a moment, it will flj ofi^ or be 
repelled, as P' from G'. 

The same thing will happen if sealing-wax be 
rubbed with dry flannel, and a like experiment 
made ; but with this remaricable differonce, thai 
when the glass repels the ball, the sealing-wax attracts it, Fio. 309. 
and when the wax repels, the glass will attract Thus if we 
suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited aealing-wax, S, on 
one side, and a tube of excited glass, G, on the other, the ball 
will commence vibrating like a pendulum from one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels; hence we conclude 
that the electricities excited in the glass and wax are different 

T .^ 784 As the electricity developed by the 

Is th«re more -.. >,, , -iim i 

*»»« on? w?* fnction of glass and other like substances is 

ox etootricity ? 

essentially different from that developed by 





g^JJJ*\^ lation of these two electricities to each other, 
traction and ^j^^ whlch coDStitutcs the bosis of thls depart- 
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the friction of resin, wax, etc., it has been inferred that 
there are two kinds or states of electricity — ^the one called 
vitreous, because especially developed on glass, and the 
other resinous, because first noticed on resinous sub- 
stances. 
What Is the The fundamental law which governs the re- 

general law of 
•toetrieal at- 
traction a 
repolsioa f 

ment of physical science, may be expressed as 
follows : — 

Like electricities repel each other, unlike electricities 
attract each other. 

Thiia, if two substances are charged with yitreous electricity, they repel 
each other; two substances charged with resinous electricity also repel each 
other ; but if one is charged with yitreous, and the other with resinous elec- 
tricity, they attract each other. 

whcnfaaiwdy ^35. When a body holds its own natural 
non-etoctrifiedf quantity of electricity undisturbed, it is said 
to be non-electrified. 

When an electrified body touches one that 
trifled* body is nou-electrified, the electricity contained in 
non^tectrified, the former is transferred in part to the latter. 

what oocnrf t 

Thus, on touching the end of a suspended silk thread with a 

piece of excited wax or glass, electricity will pass from the wax or glass into 

the ffllk, and render it electrified; and the silk will exhibit the effects of the 

electricity imparted to it^ by moving toward any object that may be placed 

near it. 

^ 736. Two theories, based upon the phenom- 

ories hare been eua of attraction and repulsion, have been 
TOalJt for eiTOl formed to account for the nature and origin of 

° electricity. These two theories are known as 
the theory of two fluids, and the theory of the single fluid; 
or the theory of Du Fay, an eminent French electrician, 
and the theory of Dr. Franklin. 

737. The theory of two fluids, or the theory 
theo*py of tiro of Du Fay, supposcs that all bodies, in their 
^^^^ natural state, are pervaded by an exceedingly 

thin subtle fluid, which is composed of two constituents. 
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or elements, viz., the vitreous and the resinous electrici- 
ties. Each kind is supposed to repel its own particles, but 
attract the particles of the other kind. 

When these two flnida pervade a body in equal qimntities, they neutralize 
each other in virtue of their mutual attraction, and remain in repose ; but 
when a body contains more of one than of the other, it exhibits vitreous or 
resinous electricity, as the case may be. 

wh» 738. The theory of a single fluid, or the 

theorf of » thcory propounded by Dr. Franklin, supposes 
the existence of a single subtile fluid, without 
weight, equally distributed throughout nature ; every sub- 
stance being so constituted as to retain a certain quantity, 
which is necessary to its physical condition. 

When a substance pervaded by this single fluid is in its natural state or 
condition, it offers no evidence of the presence of electricity; but when its 
natural condition is disturbed it appears electrified. The difference between 
the electricity developed by glass and that by resin is explained by this 
theory, by supposing electrical excitation to arise fix)m the difference in the 
relative quantities of this principle existing in the body rubbed and the rub- 
ber, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle fi'om the other. 

wiuitarepori. 739. The t WO different couditious of elcctric- 
tiJS *^ertJS- ^^7} which were called by Du Fay vitreous and 
***■' resinous electricities, were designated by Dr. 

Franldin as positive and negative, or plus and minus. 
Thus a body which has an overplus of electricity is called 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a single fluid has, until quite recently, been generally adopted 
by scientific men, and the terms positive and negativo electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
y?ars, however, some discoveries have been made which seem to indicate 
that the theory of two fluids is the one which approaches nearest to the truth. 
What is Pro. ^^ addition to these two theories respecting the nature of 
temor Fare- electricity, another has been proposed by Professor Faraday, 
STOteldty7**' of England. He considers electricity to be an attribute, or 
quaUty of matter, like what we conceive of the attraction of 
gravitation.* 

• It is not easy to perfectly explain to a beginner the TicTf which has been taken by 
Professor Faraday (who is at present the highest recognized authority on this subject) re- 
specting the nature of electricity. The following statement, as given by a late writer 
CEtobert Hunt), may be sufficiently comprehensiye and clear : " Every atom of matter is 
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U tb re an ^^^' ^H ^^ c^<^ electrioity appear to hare some inrop- 

eoonection be- oities in oommoD, and each maj be made, under certain cir* 
heat"and^Si c^mstanoes, to produce or excite the other. All are so light, 
tridty? Subtle, and diffusive, that it has been found impossible to recog- 

nize in them the ordinary characteristics of matter. Some sup* 
pose that light, heat, and electricity are all modifications of a common principle. 
What are the '^^^' ^®^*^^^*y exists in, or may be excited hi all bodies, 
electrical dl- There are no exceptions to this rule, but electricity is de- 
■ub^liiceB? *^ veioped in some bodies with great ease, and in others with 
great difficulty. All substances, therefore, have been divided 
into two classes, viz.. Electrics, or those which can be easily exdted, and 
27on-electrics, or those which are excited with difficulty. Such a division is, 
however, of little practical value in science, and at present is not generally 
recognized. 

There is no certain test which will enable us to determine, previous to ex- 
periment, which of two bodies submitted to friction will produce positive, and 
which negative electricity. Of all known substances, a cat's fur is the most 
susceptible of positive, and sulphur of negative electricity. Between these 
extreme substances others might be so arranged, that any substance in the 
list bemg rubbed upon any other, that which holds the highest place will be 
positively electrified, and that which holds the lower place negatively elec- 
trified. For instance, smooth glass becomes positively electrified when rub- 
bed with silk or flannel, but negatively electrified when excited by the back 
of a living cat Sealing-wax becomes positive when rubbed with the metals, 
but negative by any thing else. 

Can one eiec I^ ^o caso CBD electrfcity of One kind be 
dtfd^^thSS excited without setting free a corresponding 
agttD| free the amount of clectricity of the other kind ; hence, 
when electricity is excited by friction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

What are eon- 742. Bodics differ greatly in the freedom 
^SS^ttctort ^^t which they allow electricity to pass over 
ofeiectridty? ^y through them. Those substances which 

regarded as ezistfng by virtue of eertatn properties or powers, these befaig merelj pecu' 
Uar affeetloDa, which may he regarded as befaig of a similar nature to vibrations. It is 
assnmed that the electric state is but a mode or form of one of these aiEsetions. One par- 
ticle of matter, having received this form of disturbance, commnnieates it to all contigu- 
oas particles— that is, those which are next to it, although not in contact— and this com- 
munication of force takes place more or less readily, the communicating particles assuming 
a polarized state — which may be explained as a state presenting two dissimilar extremities. 
"When the communication is slow, the polarized state is highest^ and the body is said to 
be an insulator : insulation being the result If the particles communicate their oondition 
readily, they are termed conductors : conduction is the result. The phenomena of in. 
duction, or the production of like effects in contiguous bodies, is, therefore, according tr 
this view, bat something analogous to the communication of tremors, or vibrations.** 
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facilitate its passage are called conductors ; those that re- 
tard, or almost prevent it, are called non-conductors. 

No Bubstanoe can entirely preyent the passage of electricity, nor is there 
any which does not oppose some resistance to its passage. 

What lab- Of all bodies, the metals are the most per- 
SSSStoS*^ feet conductors of electricity ; charcoal, the 
•"•cfcri**^* earth, water, moist air, most liquids, except 
oils, and the human body, are also good conductors of 
electricity. 

What ii the 748. The velocity with which electricity 
T^tyofeiec passcs through good conductors is so great^ 
that the most rapid motion produced by art 
appears to be actual rest when compared to it. Some 
authorities have estimated that electricity will pass 
through copper wire at the rate of two hundred and 
eighty-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What Bob- Gum shellac and gutta percha are the most 

Sid3!?to!S°'S' perfect non-conductors of electricity ; sulphur, 
•***'^"''y' sealing-wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, and baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metallic chain or wire is held in the hand, one end touching the 
ground and the other brought into contact with an electrified body, no part 
of the electricity will pass inta ihe hand, the chain being a better conductor 
than the flesh of the hand. But r£, while one end of the chain is in contad 
with the conductor, the other be separated from the ground, then the electricity 
will pass into the hand, and will be rendered sensible by a convulsive shock. 

wheniaabody 744. Whcu a couductor of electricity is sur- 
insuiatedf roundcd on all sides by non-conducting sub- 
stances, it is said to be instdated; and the non-conducting 
substances which surround it are called insulators. 
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When is* body When a conducting body is insulated, it 
^^get wiSS retains upon its surface the electricity com- 
eieofcricityr muuicated to it, and in this condition it is 
said to be charged with electricity. 

A conductor of electricity can only remain electric as long as it is insulated, 
that is, surrounded by perfect non-conductors. The air is an insulator, since, 
if it were not so, electricity would be instantly withdrawn by the atmosphere 
from electrified substances. Water and steam are good conductors, conse- 
quently, when the atmosphere is damp, the electricity will soon be los(^ 
which, in a dry condition of the au*, would have adhered to an insulated con- 
ductor for a long period of time. 

Thus a globe of metal supported on a glass pillar, or suspended by a olken 
cord, and charged with electricity, will retain the charge. I^ on the con- 
trary, it were supported on a metallic pillar, or suspended by a metallic wire, 
the electricity would immediately pass away over the metallic sui&oe and 
escape. 

In the experiments made with the pith balls (§ 733, Fig. 308), the silk 
thread by which they were suspended acts as an insulator, and the electricity 
with which they become charged is not able to escape. 

, ^^ 745. When electricity is communicated to 

Does eleetrid- -i . i -i . . i 

ty ^tti?°TO? * conducting body it resides merely upon the 
face or the in- surfacc, and does not penetrate to any depth 

terior of bodies? .,, . ' * .^ x- 

Within. 

_. g Q Thus, if a solid globe of metal suspended by a 

* * olken thread,' or supported upon an insulated 

I! glass pillar, be highly electrified, and two thin 

H hollow cape of tin-foil or gilt paper, furnished 

^flfe|k||k^.^^ with insulating handles, sm is represented m 

VypP f^^^ ^ig* 310, be applied to it, and^en withdrawn, 

it wiU be found that the electricity has been 

completely taken off the sphere by means of the caps. 

An insulated hollow baU, however thin its substance, will contain a charge 
of electricity equal to that of a solid ball of the same size, all the electridty in 
both cases being distributed upon the surface alone. 

In the case of a spherical body charged with electridtj; 
form of^body the distribution is equsd all oyer the sur&ce ; but when thft 
*^^2« *** ^^^ ^ which the electricity is communicated is larger m onar 
ditionr ' direction than the other, the electricity is chiefly found at its 

longer extremities, and the quantity at any point of its sur- 
fiioe is proportional to its distance from the center. 

The shape of a body also exercises great influence in retaining electricity : 
it is more eaaly retained by a sphere than by a spheroid or cylinder; but it 
readily escapes from a point, and a pointed object also receives it with the 
greatest fedlity. 
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What is the ^^' ^^^ earth is considered as the great 
5~Jj*;^j*f general reservoir of electricity. 

When by means of a conducting sabstahce a oommnni- 
cation is established between a body containing an excess of electricity and 
the earth, the bodj will immediately lose its surplus quantity, whicdi passes 
into the earth and is lout by diffusion. 

What is eiM. 747. When a body charged with electricity 
truuindneoanr ^f ^j^^ fcind is brought into proximity with 
other bodies^ it is able to induce or excite in them, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

ExDiain the "^'^ ®^®^ *"^^ ^^ *^® general law of electrical attrao- 

phenomena of tion and repulsion. A body in its natural condition contains 
Inductioo. ^^ quantities of positiye and negative electricities, and when 

this is the case, the two neutralize each other, and remain in a state of equili- 
briuuL But when a body charged with electricity is brought into proximity 
with a neutral body, disturijance immediately ensues. The electrified body, 
by its attractive and repulsive influence, separates the two electricities of the 
neutitd body, repelling the one of the same kind as itBel^ and attracting the 
other, whidi is unlike, or opposite; Thus^ if a body electrified positively be 
brought near a neutral body, the positive electricity of the neutral body will 
be repelled to the most remote part of its surface, but the negative electricity 
will be attracted to the side which is nearest the disturbing body. Between 
these two regions a neutral line will separate those points of the body over 
which the two opposite fluids are respectively distributed. 

^^ 3j^^ Let AD, Fig. 311, be ametaflic 

C7liii<^er placed upon an insulating 

0C A. D support, with two pith balls sus- 

jT^ — f j -^ pended at one end, as at D. If 

(j yP now an electrified body, B, be 
M il brought near to one end of the cyl- 

inder, the balls at the other ex- 
tremity will immediately divergn 
fiom one another, showing the pres- 
ence of firee electricity. This does 
not arise fix>m a transfer of any of 
Ihe electric fluid from E to G, for upon withdrawing the electrified body, 
X:, the balls will fidl together, and appear* unelectrified as before ; l>ut the 
electricity in E decomposes by its proximity the combination of the two 
electricities in the cylinder, GAD, attracting the kind opposite to itself 
toward the end nearest to it, and repelling the same kind to the further 
end. The middle part of the cylinder. A, which intervenes between Ihe 
two extremities, will remam neutral, and exhibit .either positive n%« negative 
electricity. 
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Fig. 312. If three cylinders are 

placed in a row, touching 
one another, as in Fig. 312, 
and a positively electrified 
brought in 
proximity to one extremity, 
the electricities of the cyl- 
inders will be decomposed, 
the negative being acoamulated in K, and the positive repelled to P. If in 
this condition the cylinder P be first removed, and then the electrified body, 
the separate electricities will not be able to unite, as in the former experi- 
ment, but N will remain negatively, and P positively electrified. 

Explain the These experiments explain why an electrified 
SJSfild^wS surface attracts a neutral, or unelectrified body, 
SStiSfOT nn! ^^^^ *® * P^*** ^*'l- 1* ^s °^* ^^^^ electricity 
eieetrmedbody. causcB attractions between excited and unex- 
cited bodies, the same as between bodies oppositely ex- 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in oonsequenoe of this opposition. 
A pith ball at a few inches distance from an electrified 
surface, is charged with electricity by induction ; and the 
kind being contrary to that of the surface, attraction en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may also receive an electric shock by induction. Thus, if a per- 
son stand dose to a large conductor strongly charged with electricity, he 
will be sensible of a shock when this conductor is suddenly discharged. 
This shock is produced by the sudden recomposition of the fluids in the 
body of the person, decomposed by the previous inductive action of the 
conductor. 

What la an ^48. Au elcctrfcal machiuc is an apparatus, 
^^cai na. \^j meaus of which electricity is developed and 

accumulated, in a convenient manner for the 
purposes of experiment. 

ofwhateflSBB. -All clcctrical machincs consist of three 
Sf^teJtriS principal parts, the rubber, the body on 
madiina eon- ^^080 Burfaco the clcctric fluid is evolvcd, 

and one or more insulated conductors, to 
which this electricity is transferred, and on which it is 
accumulated. 
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Electrical machines are of two kinds, the 
plate and cylinder machines. They derive 
their names from the shape of the glass em- 
ployed to yield the electricity. 

PiQ^ 3X3^ The plate electrical machine, which is 

represented in Fig. 313, consists of a 
large circular plate of glass mounted 
upon a metallic axis, and supported up- 
on pillars fixed to a secure base, so that 
the plate can, hy means of a handle, w, 
be turned with ease. Upon the sup- 
ports of the glass, and fixed so as to 
press easily but uniformly on the plate^ 
are four rubbers, marked rrrr in the 
figure ; and flaps of silk, 8 5, oiled on one 
side, are attached to these, and secured 
to fixed supports by several silk cords. 
When the machine is put in motion, 
these flaps of silk are drawn tightly 
against the glass, and thus the fiiction is 
increased, and electricity excited. The 
points pp collect the electricity from the glass as it revolves, and convey it to 
the prime conductor, c, which is insulated and supported by the glass rod, g. 

The cylinder electrical machine represented by 
Fig. 314, consists of a glass cylinder, so arranged 
that it can be turned on its axis by a crank, and 
supported by two uprights of wood, dried and 
varnished. F S indicates the position and ar- 
rangement of the rubber and silk, and Y that 
of the prime conductor. The principle of the con- 
struction of the cylinder machine is, in every 
respect, the same as that of the plate machine. 
What is the ^® rubber of an electrical ma- 
oonstructlon of chine consists of a cushion stufiiBd 
the rubber? ^^ ^^^ ^^^ covered with 

leather, or some substance which readily generates electricity by fiiction. 
The efficiency of the machine is greatly increased by covering the cushion 
with an amalgam, or mixture of mercury, tin, and zinc.* 

In the ordinary working of the machine, the rubber is connected by a chain 
with the ground, fit)m whence the supply of electricity is derived. 

* The best composition of the amalgam is two parts, by weight, of sine, one of tin, and 
six of mercury. The mercury is added to the mixture of the sine and tin when in a fluid 
aUte, and the whole Is then shaken in a wooden box until it is cold ; it is then reduced to 
a powder, and mixed with a sufficient quantity of lard to reduce it to the consistency of 
pAste. A thin coating of this paste is spread over the cushion ; but before this is done, all 
darta of the machine should be carefully cleaned and warmed. 
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What ia the ^® receiver of electricity from an electrical machine is 
conductor of Called the prime conductor. It usuaUy consists of a thin brass 
StchimB?**^ cylinder, or a brass rod, mounted on a glass pillar, or some 
other insulating ma^riaL 

To pat the electrical machine in good order, eyery part must be dry and 
dean, because dust or moisture would, by their conductmg power, difiuse the 
electric fluid as fiist as accumulated. As a general rule, it is highly essential 
that the atmosphere should be in a dry state when electrical experiments are 
made, as the conducting property of moist air prevents the collection of a su^ 
fident amount of electricity for the production of striking effects. In the 
winter, the experiments succeed best when performed in the vicinity of a 
fire; and it is advisable to place the apparatus in front of the fire for some 
time before it is employed. 

Explain the Electricity is developed by the action of an electrical ma- 
method in chine in essentially the same manner as it is in a simple glass 
Jte? ^^i^ ^^ ^ fnction. When the glass cyKnder or plate is turned 
deyeiom eiec- round by the handle, the friction between the glass and the 
*'**^*^' rubber excites electricity; positive electricity being developed 

upon the glassy and negative upon the rubber. When the points of the prime 
conductor are presented to the revolving glass plate or cylinder, the positive 
electricity is immediately transferred to it^ and it emits sparks to any conduct- 
ing substance brought near. The electridty thus abundantly excited is sup- 
plied ^m the earth to the rubber (by means of a chain extending to the 
ground), and the rubber is contmually having its supply drawn from it by the 
force called into action by friction with the glass. That the electricity is de- 
rived from this source is evident from the fact that but a small quantity of 
electridty can be excited when the metallic connection between the rubber 
and the ground is removed. For this reason the chain must always be 
attached to the rubber when it is desired to develop positive electricity, and 
to the prime conductor when negative electricity is required. 

According to the theory of a single fluid, the exdtement of electricity is as 
follows : — ^the fnction of the glass and silk, by disturbing the dectrical equi- 
librium deprives the rubber of its natural quantity of electridty, and it is 
therefore left in a negative state, unless a fresh quantity be continually drawn 
firom the earth to supply its place. The surplus quantity is collected on the 
prime conductor, which thereby becomes charged with positive electridty. 
On the hypothesis of two electric fluids, the same fiictional action causes 
the separation of the vitreous from the resinous electridty in the rubber, which 
therefore remains resinously charged, unless there be a connection with the 
earth to restore the proportion of vitreous electridty of which the rubber has 
been deprived. 

Various other arrangements have been devised for the pro- 
hoOe/be nrad d^dion and accumulation of electridty. High-pressure steam 
as an electrical escaping from a steam-boiler carries with it minute partides 
"*** ®^ of water, and the friction of these against the surfece of the 

jet from which the steam issues produces electridty in great abundance. A 
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■tetm^boiler, properlj arranged and insnlated, therefore constitutes a most 

powerful electrical machine; and bj means of an apparatos of this character, 

constructed some time since in London, flashes of electricity were caused to 

emanate from the prime conductor more than 22 inches in length. 

749. The Tnsnlating StooL which is a usual ^^^ 
WhAt Is an In- - ^ . ". , ,. -^ # •""• 

■nlatfaig Stool r appendage to an electncal machme, consists or 

a board of haid-baked wood, supported on 

glass legs covered with ▼amish. (See Fig. 315.) It is useful for 

insulating any body charged with electricity; and a person 

standing upon sudi a stool, and in communication witii a 

prime conductor, will become charged with electricity. 

Discharging Rods are brass 

What are Dto- , , . ^ -xi. x, n 

ehar^ngBodBt ^^^^ termmatmg with bails, or 

with points, fixed to glass handles. 
With these rods electricity may be taken from a 
conductor without allowing the electrical chaige 
to pass through the body of the operator. Their 
construction is represented in Fig. 316. 

An instroment called the " XTniyevsab 

Fio. 317. Discharger," used to convey strong 

^^*i^^^^ - ^^oP^^ p* charges of electricity through various 

dt^^^^S^^n f^^i substances, is represented by Fig. 317. 

p I ^^f^ \i IJ ^* consists of two glass standards, 

I IL L^ through the top of which two metallic 

C -^ ^ J wires slide freely; these wires are 

pointed at the end, i, but have balls 
screwed upon them ; the other ends are furnished with rings. The balls rest 
on a table of boxwood, into which a slip of ivory, or thick g^ass, is inlaid. 
Sometimes a press, p\ is substituted for the table, between which any sub- 
stance necessary to be pressed, during the discharge, is held firm. 

750. An Electrophorus is a simple appara* 
tus, in which a small chaise of electricity may 
be generated by induction ; and this, communicated suc- 
cessiyely to an insulated conductor, may produce a charge 
of indefinite amount. 

It consists of a circular cake of resin (shell-lac), r, Fig. 318, 
laid upon a metallic plate ; upon this cake, the surface of which 
has been negatively electrified by rubbing it with dry silk or fur, 
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is placed a metaUic cover, M, somewhat smaller in diam- 
eter, and famished with a glass insulating handle, h. 
The negative electricity of the resin, by acting induc- 
tively upon the two electridties combined in the cover, 
separates them — the positive being attracted to the 
under sur&ce, and the negative repelled to the upper, 
on touching the cover with the finger, all the negative 



ELEOTBICITT. 



381 



electricity will escape, and the positive electricity alone renuuns, which ia 
combiued with the negative electricity of the cake of resin, so long as the 
cover is in contact with it If we now remove the cover bj its insulating 
handle, the positive electricitj, which was before held at the lower part of 
the cover bj the inductive action of the resin, will become free, and may be 
imparted to any insulated conductor adapted to receive it The same pro- 
cess may be repeated indefinitely, as the resinous cake loses none of its elec- 
tricity, but simply acts by induction, and thus an insulated conductor may be 
charged to any extent . 

751. An Electroscope is an instrument em* 
ployed to indicate the presence of free elec- 



What it aa 
EtoctroaeopeT 



laicity. 



What If the 
eonstmefcion of 
saelectroflcopef 



It nsnally consists of two light conducting 
bodies freely suspended, which in their natural 
state hang vertically and in contact. When 
electricity is imparted to them, they repel each other, and 
the amount of their divergence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form of the electroscope, called the "pith-ball electroscope," 
consists of two pith-balls suspended by silk threads. WTien an excited body 
is presented, the balls will be first attracted, but immediately acquiring the 
same degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Pfg. 319, consists of 
two pith-balls suspended by conducting threads within a glass jar, and con- 
nected with the brass cap, m. On touching the brass cap with an electrified 
Fig. 319. body, the two balls being similarly electri- 

fied, wiU repel each other. 0, Pig. 319, 
represents a more delicate electroscope; 
two slips of gold lea^ g g\ being substituted 
for the pith-balls. If an excited substance, 
e, be brought near the cap of brass, the 
leaves will instantly diverge. The best 
electrometers are carefully insulated, so that 
the electricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the quantity, either relatively or absolutely, of 
the electricity in action. 

752. An Electrometer is an instrument for 
measuring the quantity of electricity. 
The most ample form of the electrometer is repreiented at A, Fig. 319. It 
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consists of a semioircle of Tarnished paper, or iyoiy, fixed upon a vertical 
rod. From the center of the semicircle a light pith-ball is suspended, and 
the number of degrees through which the ball is attracted or repelled bj any 
body brought in proximity to it, mdicates in a degree the active quantity of 
electricity present No very accurate results, however, can be obtained with 
this apparatus; and for accurate investigation, instruments of more ingenious 
and complicated construction are used. 

The electrometer usually employed for measuring with 
great accuracy small quantities of electricity, is that of 
CoulomVs, usually called the Torsion Balance. 

ExnUin the "^^ construction of this instrument is as follows : — A needle, 
eonstraetlon of or stick of shell-lac, bearing upon one end a gilded pith-ball, is 
SSAncJ"^'*" suspended by a fiber of sUk within a glass vessel— the needle 
being so balanced, that it is fi-ee to turn horizontally around 
the point of suspension in every direction. When the pith-ball is electrified 
by induction, the repellent force causes the needle to turn round, and this 
produces a degree of torsion, or twist in the fiber which suspends it ; and the 
tendency of the fiber to untwist, or return to its original position, measures 
the force which turns the needle. 
"Within the glass vessel, which is cylin- 
drical, a graduated circle is placed, 
which measures the angle through 
which the needle is deflected. In the 
cover of the vessel an aperture is made, 
tlirough which the electrified body may 
be introduced, whose force it is desired 
to indicate and measure by the ap- 
paratus. Fig. 320 represents the con- 
struction and appearance of the torsion 
balance. 

By means of the 
torsion balance, 
Coulomb proved 
that the law of 
electrical attraction and re- 
pulsion, as influenced by dis- 
tance, is the same as the law 
of gravitation ; that is, the force varies inversely as the 
square of the distance. 

What is a Ley. 753. The Lcydcu Jar is a glass vessel used 
den Jar? f^^ ^^q purpose of accumulatiug electricity de- 
rived from electrically excited surfaces. 



What import- 
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Explain theme. '^® principle of the Leyden Jar may y,^^ 331. 

tion and eon- be best explained by descnbing what is 
^^Fmt^ called the "coated," or "fulminating 

pane." This consists of a glass plate, Fig. 
321, a, having a square leaf of tin-foil, &, attached to each 
side. If the plate be laid upon a table, and a chain from 
the prime conductor of an electrical machine be brought 
in contact with the tin-foil upon one side, the plate will 
become charged — ^the upper side with positive, and the 
under with negative electricity. 

If two such oonductors, as the plates of tin-foQ attached to 
cMtod ™*^ne a pane of glass, be strongly charged with electricity in the 
Sri?h*kf^^*^' °i*^^®^ described, and then, by means of the human body, be 

put in communication — ^which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers of the other 
hand — ^the two electric fluids in rushing together, pass through the body, and 
produce the phenomenon known as the electric shock. 

764. The Leyden Jar is constructed upon the same princi- 
mr ^wM ™Se P^® ^ ^"^ coated pane, and its discovery, accompanied with 
principle of the the first experience of the nervous conmiotion known as the 
iSS^o^J"* electric shock, occurred in this way: In 1746, whUe some 

scientific gentlemen at Leyden, in Holland, were amusing them- 
selves with electrical experiments, it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
afiect the tasta Accordingly, having fixed a metallic rod in the cork of a 
bottle filled with water, he presented it to the electrical machine for the pur- 
pose of electrifying the water, holding at the same time the bottle in his hand 
by its external sur&oe, without touching the metallic rod by which the elec- 
tricity waa conducted to the water. The water, which is a conductor, re- 
ceived and retained the electricity, since the glass, a non-conductor, by which 
it was surrounded, prevented its escape. The presence of fi^e electricity in 
the water, however, induced an opposite electricity on the outside of the glass, 
and when the operator attempted to remove the rod out of the bottle, he 
brought the two electricities into communication by means of his hand, and 
received, for the first time, a severe electric shodc. Nothing could exceed 
the astonishment and consternation of the operator at this unexpected sensa- 
tion, and in describing it in a letter immediately afterward to the French 
philosopher Beaumur, he declared that for the whole kingdom of France h# 
would not repeat the experiment 

The experiment, however, was soon repeated in different parts of Europe, 
and the apparatus by which it was produced received a more convenient 
form, the water being replaced by some better conducting substances, as 
meial filings, for which tin-foU was afterward substituted. 

The Leyden Jar, as usually constructed, con- 
SSSSSSion*^ sists of a glass jar, Fig. 322, having a wide 
the Leyden Jar. jj^^^^|.jj^ ^j^^ coatcd, externally and internally, to 
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HotriB « Ley- 
den jar di» 
chazged? 



within two or three inches of the mouthy 
or to the line a b, with tin-foil. A wooden 
cover, well varnished, is fitted into the 
mouUi of the jar, through which a stout 
brass wire, furnished with a ball, passes, 
having a chain or wire attached to its 
lower end, so as to be in contact with 
the inside coating. 

Howiaa Ley- ^ ^^7^®° J^^ ^« ^^^^^ 

den jar eharg. bj presenting the brass ball 
at the end of the rod of the 
jar to a prime conductor of an electrical machine in 
action, or to any other excited surface. To charge a jar 
strongly, it is necessary that the outside coating should be 
directly or indirectly connected with the ground. 

A Leyden jar is discharged by effecting a 
communication between the outer and inner 
surfaces by means of a good conductor. 

Ij^ when we have charged the jar, we hold the exterior coating in one 
hand and touch the knob with the other, a spark is observed, and the peculiar 
sensation of the electric shock experienced. 

Any number of persons can receive a shock at the same time by forming a 
chain by holding each other's hands-— the first person m the circle touching 
the external coating of the jar, and the last the knob. 
Where does ^^^ * Leyden jar is charged, the electricity resides wholly 
the electricity on the sui&ce of the glass; the metallic coatings having no 
Jjid^^^^^*' other effect than to conduct the electricity to the surface of 
the glass, and, when there, afford it a firee passage fix>m point 

to point 
The power of a Leyden jar will therefore depend upon its siz^ or extent 

of surface. 

As very large jars are inconvenient and 
expensive, very strong charges of electricity 
are obtained by combining a number of jars 
together. 

„ . A combination of 

What is an , 

Electrical Bat- Levdcn lars, SO ar- 

ranged that they may 

be all charged and discharged 

together^ constitutes an Electri- 
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cai Battery. This may be effected by forming a connec- 
tion between all the wires proceeding from the interiors 
of the jars, and also connecting all their exterior coatings. 

Such an arrangement is represented by Fig. 323. The discharge of elec- 
tricity from such a combination is accompanied by a loud report; and when 

the number of the jars is considerable, animals may be killed, metal wirea 

be melted, and other effects produced analogous to those of lightnmg. 

What expert. ''^^* ^^ means of an electrical machine and the Leyden 

mentomaiitrate Jar, many mteresting and amusing electrical experiments 

Sd^S^e maybeperfonned. 

force* of eieo- The phenomenon of the repulsion of substances similarly 
olectrifled, may be illustrated by means of a doll's head cov- 
ered with long hair. When this is at- 
tached to the prime conductor of an elec- 
trical machine, the hairs stand erect, and 
give to the head a most exaggerated ap- 
pearance of fright See Fig. 324. 

The same thing may be shown by plac- 
ing a person on a stool with glass legs, 
BO that he be perfectly insulated, and 
making him hold in his hand a brass rod, 
the other end of which touches the prime 
conductor ; then on turning the machine^ 
the hairs of the head will diverge in all 
directions. 

If a small number of figures are cut 
out in paper, or carved out of pith, and 
an excited glass tube be held a few 
inches above them on a table, the fig^ures 

will immediately commence dandng up and down, assuming a variety of droll 

positions. The experiment can bo shown better by means 

of an electrical machine than with the excited tube, by 

suspending horizontally from the prime conductor a metal 

disc a few inches above a flat metal sur&ce connected with 

the earth, on which the figures are placed. On working 

the machine, the figures will dance in a most amusmg 

manner, being alternately attracted and repelled by each 

plate. See fig. 325. 

Wh*t If the ^® electrical bells, Fig. 326, which are 

axperimeat of rung by electric attraction and repulsion, 

ti^^electrical are good illustrations of these forces. Where 
three bells are employed, the two outer 

beUs A and B, are suspended by chains, but the central 

one and the two clappers hang firom silken strings. The 

middle bell Is connected with the earth by a chain or wire. 

17 
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Upon workmg the machine^ the outer bella become posltiyelj electrified, and 

Yjq 326 ^^ middle odo, which is insulated from the 

prime conductor, becomes negative by in- 

(^ dqption. The little clappers between them 

A^' are alternately attracted and repelled by the 

— U ■ _p outer and inner bellS) producing a constant 

ringing as long as the machine is in action. 
It was by attaching a set of bella of this 
kind to his lightning-conductor, that Dr. 
{^ & ^N i ^^^ . Franklin received notice, by their ringing 
B of the passage of a thunder-doud over his 

apparatua 
Let a skein of linen thread- be tied in a 
knot at each end, and let one end of it be attached to some part of the con- 
ductor of a machine. When the machine is worked the thre«ds will become 
electrified, and will repel each other, so that the skein will swell out into a 
ibrm resembling the meridians drawn upon a globe. 

If we ignite the extremity of. a stick of sealing-wax, and "bring the melted 
wax near to the prime conductor of a machine, numerous fine filaments of 
wax will fiy to the conductor, and will adhere to it^ forming upon it a sort 
of network like wool. This is a simple case of electrical attraction. The 
experiment will succeed best if a small piece of wax is attached to the end 
of a metal rod. 

What effect hM 756. When a current of electricity passes 
f t?i^Sor?*° through a good conductor of sufficient size to 
carry off the whole quantity of electricity 
easily, the conductor is not apparently affected by its 
passage ; but if the conductor is too small, or too imper- 
fect to transmit the electric fluid readily, very striking 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

What ezmrl- ^® mechanical effects exerted by electricity in passing 
mentsiliastrate through imperfect conductors, may be illustrated by manf 
SbSr^VSS! simple experimente. 

tridty f If we transmit a strong charge of electricity through water, 

the liquid will be scattered in every direction. 

A rod of wood half an inch thick may be split by a strong charge fit>m a 
Leyden jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dry writing-paper upon the stand of a universal <^ 
charger, and then transmit a charge through it^ the electricity, if sufficiently 
strong, will rupture the paper. 

If we hold the flame of a candle to a metallic point projecting from the 
prime conductor of an electrical machine in action, the current of air caused 
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bj the isstdng of a current of electricily from the pointy wOl be sufficient to 
deflect the flune, and even blow It oat 

Hotr does dec 757. The passagG of electricity from one 
tri^^ evolve substance to another is generally attended with 
an evolution of heat, and a current of electricity 
passing over an imperfect conductor, raises its temperature. 
The temperature of a good conductor of sufficient size '^ 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it, it will be heated to a greater or less degree. 

If a small charge of electricity be passed through small metal wire a few 
inches in length, its temperature will be sensibly elevated ; if the charge be 
increased, the wire may be made red hot, and even melted and vaporized. 

The worst conductors of electricity suffer much greater changes of tem- 
perature by the same charge than the best conductors. The charge of eleo- 
tiicity which only elevates the temperature of one conductor, will sometimes 
render another red hot, and will volatilize a third. 

The heat developed in the passage of electricity through 
combustible or explosive substances, which are imperfect 
conductors, causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-Tod, it may be ignited by the discbarge of a Leyden jar. 

In the same way powdered resin may be inflamed. 

£ther or alcohol may be also fired by passing through it an electric dis- 
charge. Let cold water be poured into a wine-glass, and let a thin stratum 
of ether be carefully poured upon it. The ether being lighter will float on 
the water. - Let a wire or chain connected with the prime conductor of a 
machine be 'immersed in the water, and, while the machine is in action, pro- 
sent a metallic ball to the surface of the ether. The electric charge will pass 
from the water through the ether to the ball, and will ignite the ether. 

If a person standing on an insulated stool touches the prime conductor 
with one hand, and with the other transmits a spark to the orifice of a gaa^ 
pipe fix>m which a current of gas is escaping, the gas will be ignited. 

By the friction of the feet upon a dry woolen carpet, sufficient electricity 
may be ofl»n excited in the human body to transmit a spark to a gas-burner, 
and thus ignite the gas. 

If we bring a candle wirh a long snufl? that has just been extinguished, 
near to a prime conductor, so that the spark passes from the conductor, 
through the smoke, to the candle, it may be relighted. 

u the electric The clectric fluid is not itself luminous ; but 
ftuidiuminous? j^g motiou ovcr imperfect conductors, or from 
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one conducting substance to another, is generallj attended 
with an exhibition of light. 

lirfit 1m ^® atrongest electric charges that can be aocnmiilated 
regarded M a in a bodj will nerer afiford the least appearance of light so 
J2^^^^ ^ long as a state of electric equilibriom exists, and the electric 
fluids are at rest light, therefore, must not be regarded as 
a property of electricity, but as the result of a disturbance occasioned by 
electricity. 

The for of a cat sparkles when rubbed with the hand in 
f^ ^of *7 eat oold weather. The reason of this is, that the friction between 
■parkier ^q j^m^^ ^q^ ^q for produces an excitation of negatlye eleo- 

tridtj in the hand, and poeitiye in the for, and an interchange of the two 
is accompanied with a spark, or appearance of light 
What i. the Whenthefinger, ^^^ ^^1 

form of the or a brass ball at i 
etoeirictparkr ^jj^ end of a rod, is 

presented to the prime conductor 

of an electrical machine in action, 

a spark is produced by the passage I 

of the fluid ftom the conductor to 

the finger or the metal This 

spark has an irregular zigzag form, reaemblmg, more or leas, the appearance 

of lightning, as shown in Fig. 327. 

Upon what does The length of the electric spark will vary 
SSirif^^'JjiS? ^^^ *^® power of the machine. A very 
depend f powcrful machino will so charge its prime 

conductor, that sparks may be taken from it at the 
distance of 30 inches. 

_ ^ Ifthepwtofei- ^^0.328. 

Hoir does a ^, - ; , . = 

point InflueDoe ther of the electn- 

rftSS^r cally excited bod- I 
ies which is pre- 
sented to the other has the form 
of a point, the electric fluid will ! 
escape, not in the form of a spark, 
but as a brush, or pencil of light, 
the diverging rays of which have sometamee a length of two or three incheiL 
Fig. 328 represents this appearance. 

A substance parting with electricity generally exhibits an irregular sparky 
or flash of light; while a substance absorbing electricity exhibits a brush or 
glow of light 

What is the The rapidity of the electric light is marvel- 
2k!^'^k? ous; and it has been experimentally showu 
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that the duration of the light of the spark does not 
exceed the one-millionth part of a second.^ 

When the coDtinuity of a substance conducting electricity is interrapted, a 
spark will be produced at every point where the course of the conductor is 
broken. 

A great yariety of beautiful experiments may be performed to illustrate 
this principle. Thus^ upon a piece of glass may be placed at a short distauce 

from each other any number of bits or 

FiO. 329. pieces of tin-foil, as a represented by 

Pig. 329 ; when the metal at either end 

ia connected with the prime conductor 

of an electrical machine, the sparks will 

pass from one piece of tin-foil to the 

other, and form a stream of beautiM 

light. By varying the positbn of the 

pieces of tm-foil, letters^ or any other devices may be exhibited at the pleasure 

of the operator. 

In a like manner, by &sten- 

FlG. 330 ing by means of lac-varnish a 

spiral line of pieces of tin-foil 

( ^[^ j^ ^ d^ -^ ^ .^ \j^ J^^\\\ "P^'^ *^® interior of a tube, as 
V> ^ ^ ^ ^ — <" ^ ^ •^ ^ — UJ jg represented in Fig. 330, a 

serpentine line of fire may be 
made to pass from one end of the tube to the other. 

* The arrangement bj which this fiiet iras demonitrated by Mr. Wheatatone of England, 
may he described as followB : — Gonsiderahle lengths of copper wire (about half a mile 
being employed), are so arranged, that three small breaks occur in its continuity — one near 
the outer coaling of a Leyden Jar, one near the connection wilh the Inner coating, and 
another exactly in the middle of the wire— so that three sparks are seen at every dis- 
charge, one at the break near the source of excitation, another in the middle of its path, 
and the third dose to the point of returning connection; these, by bending the wire, are 
brought dose together. Exactly opposite to this was placed a metallic speculum, fixed 
on an axis, and made to rerolre parallel to the line of the three sparks. When a spark 
df light is Tiewed in a rapidly reroMng mirror, a long line is seen instead of a point It 
will be obvious that three lines of light wiU be seen in the rerolTing mirror every time a 
discharge takes phu^, and that if the first or the last differ In the smallest portion of time, 
these lines must begin at different points on the speculum. 

When the mirror revolved'dowly, the position of the lines was uniform, thus « 

but when the vdodty was increased, they appeared thus — — i^^^S^l ; those pro- 
duced by the sparks at either end of the wire bdng constantly coincident, but the spark 
evolved at the break in the middle bdng slightly behind the other two. From this, it 
appears that the disturbance commences simultaneously at either end of a dreuit, and 
travels toward the middle. This has been adduced in proof of the two electridties. It 
was thus determined that electridty moves through copper wire at a rate beyond 288,000 
miles in a second. It will be evident to any one conddering the sul^ect, that the length 
of the line seen in the speculum depends on the duration of the spark. When the mirror 
was made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of the observer to siake an arc of about half a degree, and from this 
Its duration was calculated.— fTuftf. 
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tTpomrhatdoef 768. The intensity of the electric light de- 
SS '"^"^uStiii pends both upon the density of the accumu- 
ught dependf j^tcd elcctricity, and the density and nature of 
the aerial medium through which the spark passes. 

- Thus, the electric light) in condensed air, is very bright, and in a rarefied 
atmosphere it js faint and diffusive, like the light of the aurora borealis ; in 
carbonic add gas the light is white and intense ; it is red and faint in hydro- 
gen, yellow in steam, and green in ether or alcohol 

„ , It, by means of an air-pump, the air is exhausted from % 

auroral light be long cylindrical tube closed at each end with a metallic cap^ 
imitated f ^^^ ^ current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When the exhaustion of 
the tube is nearly perfect, the whole length of the tube will exhibit a violet 
red light If a small quantity of air be admitted, luminous flashes will be seen 
to issue from points attached to the caps. As more and more air is admitted, 
the flashes of light which glide in a serpentine form down the interior of the 
tube will become more thin and white, until at last the electricity wiU cease 
to be diffused through the column of air, and will appear as a glimmering 
light at the two points. 

759. The crackling noise, or sound which is produced 
by the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or other medium 
through which the electric fluid passes. 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, is supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover their 
position and organization, a convulsiye sensation is felt, the violence of which 
)S greater or less according to the force of electricity and the consequent de- 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or even.' 
death, may ensue. 

What are the 761. lu tho proccsses hithcrto described 
™^ts iT^I? electricity has been developed by friction. la 
SedSdtyf "^ nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of ihe sun's rays. 

The change of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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Water, in passing into steam by artificial heat; or in evaporatang bj the ac- 
tion of the sun or wind, generates large quantities of electricity. The crystal- 
lization of solids from liquids, all changes of temperature, the growth and de- 
cay of yegetables, are also instrumental in producing electrical phenomena. 

Does vital and Receiit investigations have shown that vital 
Sra^<Seetet ^ction and all muscular movements in man 
*^^' and animals, develop or produce electricity; it 

may also be shown by direct experiment that a person 
can not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of producing at 
pleasure considerable quantities of electricity in their system, and of conunu- 
nicating it to other animals, or substances. Among these the electrical eel 
and the torpedo are most remarkable, the former of which can send out a 
charge sufficient to knock dovm and stun a man, or a horsa The electricity 
generated by these animals appears to be the same in character as that pro- 
duced by the electrical machine. 

, ,^ 762. It has of late become the habit with many to regard 

Is there any , , . .. ., ^ i» ,i ,_ . ^i "f , •,-, 

reason in as- electncity as the agent of all phenomena m the natural world, 

fcDolra Dh no- *^® GaxxBO of which may not be apparent For this there is no 

mena to eiee- good reason. Electricity is difiiised through all matter, and 

tridtyf jg ^ygj. active, and many of its phenomena can not be satis&c- 

torily explained ; but it is governed, like all other forces of nature, by cer^ 

tain fixed laws, and it is.by no means a necessary agent in all the operations 

of nature. It therefore argues great ignorance to refer without examination 

every mysterious phenomenon to the influence of electricity. 

SECTION I. 

ArrVOSPHBBIO BLEOTBIOITT. 

Doesrieetridty ^63. Elcctricity is alwavs found in the air, 
^**hM^?*^ and appears to increase in strength and quan- 
tity with the altitude. 
What kind of It is sometimes different in the lower re- 
SffuSd*^ *" gions from what it is in the upper, heing posi- 
iX^^ew?***" tive in one and negative in the other ; hut in 
the ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is subject to great 
and sudden variations, rapidly changing from positive 
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to negstiye, and back again in the space of a few min- 
utes. 

^ The principal causes which are supposed to 

powdtoooea- producc electrlcitv in the atmosphere are, 
in om atmo*. evaporation. from the earth s suriace, cnemical 
changes which take place upon the earth's 
surface, and the expansion, condensation, and variation of 
temperature of the atmosphere and of the moisture con- 
tained in it. 

When a sabstanoe is burning, poeitiYe electricity escapes fix>m it into the 
atmo^here^ while the substance itself becomes negatively electrified. Thus 
the air becomes the leceptade of a vast amount of positiye electridtj gener* 
ated in this manner. 

,^ , ^ The atmosphere is most highly chai^d with 
atmosphere clectricity whcu hot Weather succeeds a series 
^rged vitf of wet days, or wet weather follows a succes- 
sion 01 dry days. 

There is more electricity in the atmosphere during the 
cold of winter than in the summer months. 

Lightning is accumulated electricity, generally dis^ 
charged from the clouds to the earth, hut sometimes 
from the earth to the clouds. 

Who flwt e«- 764. The identity of lightning and electric- 
weJftity* *of ity was first established by Dr. Franklin, at 
Sffid^r" PhUadelphia, in 1752. 

The manner in which this &ct was demonstrated was as fdl* 
Stf?'*^SDeri- ^^^® * — ^^*^fi> made a kite of a large silk handkerchief stretch-' 
ment ed upon a frame, and placed upon it a pointed iron wire con- 

nected with the string, he raised it upon the approach of 
A thunder-storm. A key was attached to the lower end of the hempen 
String holding the kite, and to this one end of a silk ribbon was tied, 
the other end being £sistened to a post The kite was now insulated, 
and the experimenter for a considerable time awaited the result with 
great solicitude. Finallj, indications of electricity began to appear on the 
string; and on Franklin presenting his knuckles to the key, he received 
an electric spark. The rain beginning to descend, wet the suing, increased 
its conducting power, and vivid sparks in great abundance flashed from 
the key. Franklin afterward charged Leyden jars with lightning, and 
made other experiments, similar to those usually performed with electrical 
machines. 
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Why as this "^® experiment, as thus performed, was one of great risk 
experiment one and danger, since the whole amount of electricity contained in 
^^ great dan- ^q thimder-cloud was liable to pass from it, by means of 
the string, to the earth, notwithstanding the use of the silk 
insulator.* 

What I th ^^m whatever cause electricity is present in the air, the 

cause of Ught- douds appear to collect and retain it ; and when a cloud over- 
"^^ chained with electric fluid approaches another which is under- 

charged, the fluid rushes from the former into the latter. In a like manner, 
the 'fluid may pass from the cloud to the earth, and in such cases elevated 
objects upon ihe earth's surface, as trees, steeples, etc , appear to govern its 
direction. 

. When a cloud highly charged with electricity is near to the 

circumBtaacea earth, the sur&ce of the earth, for a great extent, may also 
does Ughtn^g become highly charged by induction ; and when the tension 
earth to the of the electricity becomes sufficiently great, or the two elec- 
clouds? ^jJQ surfaces come sufficiently near, a flash of lightning not 

unfrequently passes from the earth to the douds. In this way an equilibrium 
of the two elements is restored. 

Lightning clouds are sometimes greatly elevated above the surface of the 
earth, and sometimes actually touch the earth with one of their edges; they 
are, however, rarely discharged in a thunder-storm when they are more than 
•yoo yards above the surface of the earth. 

„ 765. Lightning has been divided into three 

How many - . , . '^ . ° i • t i . i 

kinds of light- kinds, VIZ., zigzag, or cnain-lightnmg, sheet- 
lightning, and ball-lightning. 

Explain the The zigzag, or forked appearance of lightning, is believed to 
Sv^se appear- ^® occasioned by the resistance of the air, which diverts the 
ance of light- electric current from a direct course. The globular form of 
"^"^ lightning sometimes observed, is not satisfactorily accounted . 

for. What is called " sheet," or " heat" lightning, is sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible ; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the clouds, the amount of electricity developed not being sufficient to 
produce any other effects than the mere flash of light. 

766. The usual explanation of thunder is, 

cause of"hun? that it is due to a sudden displacement of the 

particles of air by the electrical current. Others 

have supposed that the passage of the electricity creates 

* When th9 experiment was subsequently repeated in France, streams of electric fire, 
nine and ten feet in length, and an inch in thickness, darted spontaneously with loud re- 
ports from the end of the string confining the kite. During the succeeding year. Prof. 
Richmaa of St Petersburg, in piaking experiments somewhat similar, and having his 
apparatus entirely insulated, was immediately killed. 

17* 
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a vacuum^ and that the air rushing in to fill it produces 
the sound. Every explanation that has yet been offered 
is somewhat unsatisfactory. 

Tha roUing of the thunder has been ascribed to the effect of echo, but this 
undoubtedly is not the onlj cause. The rolling of thunder is heard as per- 
fectly at sea as upon land, but there none of the causes which are generally 
supposed to produce echo, as mountains, hills, buildings, eta, etc, are present 
Another, and perhaps the true reason is, that the sound is developed by thA 
lightning in passing through the air, and consequently separate sounds are 
produced at every point through which the lightning passes. 

..^ . ^^ Thunder-storms prevail most in the torrid zone, and decrease 

Whendothnn- . _ ^ j .^. , ▼ .. x. - i. ^ 

der itomiM m frequency toward either pole. In the arctic regions thunder- 

moBtpreraiif gtorms seldom or never occur. As reppects time, they are 
most frequent in the summer months. 

What is called a thunder-storm may be considered to 
be merely an effort of nature to effect an equilibrium of 
forces which have become disturbed. 

767. A knowledge of the laws of electricity has enabled 
lightning con- man to protect himself from its destructive influences. Light- 
totiSucedT** ning-rods, or conductors, were first introduced by Dr. Frank- 
lin. He was induced to recommend their adoption as a means 
of protection to buildings, eta, fit>m observing that electricity could be quietly 
and gradually withdrawn from an excited surfiM» by means of a good con- 
ductor, which was pointed at its extremity. 

What ii a -^s ordinarily constructed, a lightning-con- 
lightning-rodf ^uctor cousists of a metal rod fixed in the 
earth, running up the whole height of a building and ris- 
ing to a point above it. 

The best metal that can be used for a lis:ht- 

How should a . . . j xi_ j 

lightning-rod DiDg-rod IS coppcr ; if iron is used, the rod 
~ " should not be less than three quarters of an 
inch in diameter. When only one rod is used, it should 
be continuous from the top to the bottom, and an entire 
metallic communication should exist throughout its whole 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build- 
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ing, as gutters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lower end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It ought also to extend so &r below the surface of the ground as to reach 
water, or earth that is permanently damp. It is, moreover, a good plan to 
bury the end of the lightning-rod in powdered charcoal, since this pre- 
serves in a measure the iron flx)m rust, and facilitates the passage of the 
electricity. 

A building will be most perfectly protected when the lightningKJonductor 
has several branches, with pointed rods projecting freely in the air jQrom dis- 
tant summits of the building, and connected with the main rod. 

Professor Faraday advises that lightning-conductors should be arranged 
upon the inside of buildings rather than upon the outside. 

What space -^ lightning-couductor of sufficient size is 
7^1^^^' helieved to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect the building 
for (at least) eight feet all round. 

,^ A lightning-conductor may be productive of harm in two 

lightning-rod wajrs ; if the rod be broken or disconnected, the electric fluid, 
ShSm?"*'**^* being obstructed in its passage, may enter the building; and 
if the rod be not large enough to conduct the whole current 
to the earth, the lightning will fuse the metal and enter the building. 

A lightning-conductor protects a building even when no visible discharge 
takes place, by attracting the electricity of an approaching doud, and caus- 
ing it to pass off silently and quietly into the earth. This process commences 
as soon as the doud has approached a position vertically over the rod. 
"wiiAt lACM *^^^' "^ regards safety in a thunder-storm, it is prudent, if 
are safe and Out of doors, to avoid trees and elevated objects of every 
oolTin a*Sun- ^^'^ which the lightning would be likely to strike in its pa«h 
4er-Btormr sage to the earth. A stream of water, being a good conduo- 
ductor, should be avoided. 

If within doors, the middle of a carpeted room is tolerably safe, provided 
there is no lamp hanging from the ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter the room by them, soot 
being a good conductor. For the same reason, a person should remove as 
far as possible tcom metals, mirrors, and gilt artides. The safest position that 
can be occupied is to lie upon a bed in the middle of a room — ^feathers and 
hair being excellent non-conductors. In all cases, the position of safety ia 
that in whidi the body can not assist as a conductor to the lightning. The 
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position of sarroanding bodies must therefore be attended to^ whether a per 
son be insulated or not 

The apprehension and solicitude respecting lightning are proportionate to 
the magnitude of the evils it produces, rather than the frequency of its occur- 
ranoe. The chances of an individual being killed by lightning are infinitely 
less than those which he encounters in his daily walks, in his occupation, oi 
even during his sleep from the destraction of the house in which he lodges by 
fire. 

ii»ir an the *^^^' The mechanical power cxerted by light- 
fo^u*^*T?hl' ^^S ^ enormous and difficult tct account for. 
Sj?f "*""*** Arago supposed that the heat of the light- 
ning in passing through any substance, in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical effects observed are due to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steam of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electric fluid which forms the lightning, 
and that their violent separation forces every thing asun- 
der which tends to confine them. 

What is the "^^O. The phenomenon of the aurora borealis 
SSoJa^reiuJt ^^ supposcd to be duc to the passage of electric 
currents through the higher regions of the 
atmosphere — the different colors manifested being pro- 
duced by the passage of the electricity through air of dif- 
ferent densities. 

wheTBdoesthe I^ the uorthem hemisphere the aurora al- 
ftororaappearf ^^yg appears in the north, but in the south- 
em hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 
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seen in its greatest perfection within the arctic and an- 
tarctic circles.* 

The aurora is not a local phenomenon, but is seen Bimultaneously at places 
widely remote from each other, as ui Europe and America. 

The general height of the aurora is supposed to be between one and two 
hundred miles above the surface of the earth ; but it sometimes appears 
within the region of the clouds. 

Auroras occur more frequently in the winter than m the summer, and are 
enly seen at night They affeet m a peculiar manner the magnetic needle 
and the electric telegraph, and as the disturbances occasioned in these in- 
struments are noticed by day as well as by night, there can be no doubt of the 
occurrence of the aurora at all hours. The mtense light of the sun, however, 
renders the auroral light invisible during the day. 

Fig. 331. 




The accompanying figure represents one of the most beautiful of the au- 
roral phenomena. 

It has often been asserted, and on good authority, that sounds have been 
beard attending the phenomena of the aurora, like the rustling of silk, or the 
Bound and crackling of a flre. On this point, however, there is great differ- 
ence of opinion. 

Auroras appear to bo subject to some variation in their appearance, extend- 
ing through a circle of years. Thus, from 1705 to 1752, the northern lights 
became more and more frequent, but after that for a period they were seen but 
rarely. Since 1820 they have been quite frequent and brilliant 

* In the arctic and antarctic cirdeVf irhen the Ban u absent, the aurora appears with a 
magnificence unknown in other regions, and affords light sufficient for many of the ordi- 
nary out-door employments. 
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CHAPTER XVI. 

GALYANISM. 

,.—.-,«- 771. Electricity excited or prodnoed "bjr 
52Lf "**■ the chemical action of two or irfbre dissimilar 
substances upon each other is tenned Gal- 
vanic, or Voltaic Electricity, and the department of 
physical science which treats of this form of electrical 
disturbance is called Galvanism. 

whmt rimpie ^hc most simplc method of illustrating the 
i^Sr*t£ production of galvanic electricity is by placing 
SJJSSS^ "etoSJ * P'®^® ^^ silver (as a coin) on the tongue, and 
tridtyf a piece of zinc underneath. So long as the 

two metals are kept asunder no effect will be noticed, but 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a chemical action which is developed the moment 
t^ie two metals touch each other. The saliva of the tongue acts chemicall/ 
upon, or ozydizes a portion of the zinc^ which excites electricity, for no chem- 
ical action ever takes place without producing electricity. Upon bringing 
the ends of the two metals together, a slight current passes from one to the 
other. 

If a living fish, or a frog, having a small piece of tin- foil on its back, be 
placed upon a piece of zinc, spasms of the muscles will be excited whenever 
a metallic communication is made between the zinc and the tin-foiL 

When and how Thc productiou of clcctricity by the chemi- 
SSStrt^"^^ cal action of two metals when brought in con- 
^^^f tact, was first noticed by Galvani, professor of 

anatomy at Bologna, Italy, in 1790. 

Bia attention was directed to the subject in the following manner: — Hav- 
ing occasion to dissect several frogs, he hung up their hind legs on some cop- 
per hooks, until he might find it necessary to use them for illustration, In 
this manner he happened to suspend a number of the copper hooks oil an 
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iron baloonj, when, to his great astimishment, the limbs were thrown into 
violent convulsions. On investigating the phenomenon, he fomid that the 
mere contact of disaimiUr metals with the moist sur&ces of the muscles and 
nerves^ wda all that was necessary to produce the convulsions. 

Fia. 331 




This singular action of electricily, first noticed by G-alvani, may be experi- 
mentally exhibited without difficulty. Fig. 332 represents the extremities 
of a &og, with the upper part dissected in such a way as to exhibit the nerves 
of the legs, and a portion of the spinal marrow. If we now take two thin 
pieces of copper and zinc, Z, and place one under the nerves, and the other 
in contact with the muscles of the leg, we shall find that so long as the two 
pieces of metal are separated, so long will the limbs remain motionless; but 
by making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretching themselves in a manner too^ 
lingular to describe. If the wire is kept closely in contact, these phenomena 
are of momentary duration, but are renewed every time the contact is made 
and broken. 

Gralvani attributed these movements of the muscles to a 
kind of nervous fluid pervading the animal system, similar to 
the electric fluid, which passed firom the nerves to the mus- 
cles, as soon as the two were brought in communication with 
each other, by means of the metallic connection, in the same way as a dis- 
charge takes place between the external and internal coatings of a Leydea 
Jar. He therefore called the supposed fluid animal electricity. 



To what did 
Oalrani attrl- 
bate these phe- 
nomena? 
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What wM de- ^® experiments of Oalyani were repeated by Volta, an 
termir ed \tf eminent Italian philosopher, who found that no electrical or 
Voiuf nervous excitement took place unless a conmiunication be- 

tween the muscles and the nenres was made by two different metals, as cop- 
per and iron, or copper and zinc. He considered that electricity was produced 
by simple contact of the dissimilar metals, positive electricity being evolved trom 
the one and negative electricity fh)m the other. 

whrnt is the The truc cause of elecjbrical excitement occa- 
SwtridSr'^dJ' sioned by the contact of dissimilar metals is 
jS?^te: now fully ascertained to be Chemical ac- 
entmetaiBf ^Jqjj j and rcccnt researches have also proved 
that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Voita, who first developed its phenomena, 
Ho^ does gal- 772. Galvauic electricity, or the electricity 
STm oTdin^ developed by chemical action, differs from fric- 
eiectricityf tioual, or Ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a glass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current. 

The fundamental principle which forms the basis of the science of galyanic 
electricity is as follows : 

Any two metals, or more generally, any two 
formsthe^iSil different bodies which are conductors of elec- 
of ^galyanic trfcity, whcu placcd iu contact, develop elec- 
^^ ^^ tricity by chemical action — positive electricity 
flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 
•What are el ^^ general, that metal which is acted upon 

tro-positiye most casily is termed the electro-positive metal, 
negative eie- or element : and the other the electro-neffa- 

menta? -it 

tive metal, or element. 
The electrical force or power generated in this way is 
called the electro-motive force. 
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773. Different bodies placed in contact manifest differ-* 
ent electro-motive forces, or develop different quantities 
of electricity. 



How may bod- 
table of 



What li the 
practical meth- 
od of exciting 
galvanic elec- 
tricity? 



Bodies capable of developing electricity by contact may be 
iea capable of arranged in a series in such a manner that any one placed in 
SSm^ye*^^ contact with another holding a lower place in the series, will 
forces be dassi- receive the positive fluids and the lower one the negative fluid ; 
and the more remote they stand from each other in the order 
of the series, the more decidedly will the electricity be developed by theit 
oontact 

The most common substances used for exciting galvanic electricity may be 
arranged in such a series as follows : — zinc, lead, tin, antimony, iron, brass, 
copper, silver, gold, platinum, black lead or graphite, and charcoal 

Thus, zinc and lead, when brought in contact, will produce electricity, but 
it will be much less active than that produced by the union of zinc and iron, 
or the same metal and copper, and the last less active than zinc and platinum 
or zinc and charcoal. 

774. In the production of galvanic electricity for practical 
purposes, it is necessary to have a combmation of three dif- 
ferent conductors, or elements, one of which must be solid 
and one fluid, while the third may be either solid or fluid. 
The process usually adopted is to place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on one of the plates, while it has no action, or a dififerent action upon the 
other. A communication is then formed between the two plates. 

What is a Gal- When two metals capable of exciting elcc- 
Tanic Circuit? ^ri^ity are so arranged and connected that the 
positive and negative electricities can meet and flow io 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

De«^beashn- ^ ^^^^ «^™P^^' ^^ 

pie Oaiyanic at the same time an ac- 
Battery. ^^^ galvanic circuit may 

be formed by an arrangement as repre- 
sented in Fig. 333. and Z are thin 
plates of copper and zinc immersed in a 
^lass vessel contaiqing a very weak so- 
lution of sulphuric acid and water. 
Metallic contact can be made between 
the plates by wires, X and W, which 
are soldered to them. If now the wires 
are connected, as at Y, a galvanic cir- 
cuit will be formed ; positive electricity 
passing from (hu zinc through the liq- 



Fig. 333. 
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Hid, to the copper, and from the copper along the oondiietiiig^wiree to tba 
sine, as iadicated by the arrows in the figore. A cynent of negatiye eleo- 
tridtj at the same time trayerses the drcoit also, from the copper to tiie 
cine, in a direction precisely reTersed. 
Such an arrangement is called a simple galvanic battery. 

What an uie ^^^ two metals forming the elements of the 
rSiutt^f hattery are generally connected by copper 
wires ; the ends of these wires, or the terminal 
points of any other connecting medium used, are called the 
poles of the battery. 

Thoa^ when zinc and copper plates are used, the end of the wire conyeying 
poeitiye electricity from the copper would be the positive pole, and the end of 
the wire conveying negative electricity from the zinc plate would be the 
negative pol& Faraday describes the poles of the battery as the doora by 
which electricity enters into or passes oat of the substance suffering deoom- 
positioD, and in accordance with this view he has given to the positive pole 
the name danodtj or ascending way, and to the negative pole the name of 
ccUhodef or descending way. 

At what point ^hc manifestations of electricity will be most 
to *decto53i^ apparent at that point of the circuit where the 
JSSfelrtJdf two currents of positive and negative electricity 
meet. 

Wh is dr. When the two wires connecting the metal plates of a bat- 
eoit said to be teiy are brought in contact^ the gslvanic circuit is said to be 
^*^"^' dosed. No sign of electrical excitement is then visible; the 

action, nevertheless, continues. The opposite electricities collected at the 
poles, in particular, neutralize each other perfectly on meeting ; every trace 
of electricity must therefore vanish, as when a Leyden jar is dischaiged, if a 
finesh quantity were not continually produced by the pairs of plates. If the 
wires which conduct the two electricities be slightly disconnected, a ^>ark 
will be observed at the point of interruption. 

In the formation of a galvanic circuit, by the employment 
theory of the of two metals and a liquid, the chemical action which gives 
SSSSS°"ei ^ rise to the electricity takes place through a decomposition of 
trldtf. the liquid. It is, th^wfore, easential to the formation of an 

active galvanic circuit, that the liquid em{>loyed should be ca- 
pable of being decomposed. Water is most conveniently applicable for this 
purposa When a plate of zinc and copper are immersed in water, the ele- 
ments of the water, oxygen and hydrogen, are separated from each other, in 
consequence of the greater attraction which the oxygen has for the zmc. The 
oxygen, therefore, unites with the zinc, and by so doing produces an altera- 
tion in the electrical condition of the metal The zinc communicating its nat- 
ural share of electricity to the liquid, becomes negatively electrified. The 
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copper attracting the same electricity from the liquid, becomes positively 
electrified, ; at the same time the hydn^n, which is ^e other element of 
the water, is also attracted to the copper, and appears in minate bubbles upon 
its sur&oe. K the two metal plates be now connected with metallic wires, 
positive electricity will flow from the copper and negative electricity torn the 
zmc, and by the union of these two an electric current will be formed.* 

With water alone and two metaU, the quantity of electricity excited is very 
small, but by the addition of a small quantity of some add, the excitement is 
greatly increased. 

whAt is th Although two metal plates are employed in the arrangement 

neoessitfof two described, only one of them is active in the excitement of elec- 
nSc clreuUf ^<^^i the other plate serving merely as a conductor to collect 
the force generated. A metal plate is generally used for this 
purpose, because metals conduct electricity much better than other substances 
exposing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately larger sur&ce is ex- 
posed to compensate for inferior conducting power, they answer as well, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place of copper, and a very hard material obtained from the in- 
terior of gas retorts, called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal- 
vanic circuit A current may be obtained from one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

How ma gal *^^^' ^^® electrfcity dcveloped by a simple 
Tanic action be galvanic ciFCuit, whether it be composed of 
two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, however, be 
increased to any extent by a repetition of the simple com- 
binations. 

* The terms " electric ilnid** and ** eleotrle enrreni,** which are frequently employed in 
describing electrical phenomena, are calculated to mislead the student into the supposi. 
tion that electricity is known to be a fluid, and that it flows in a rapid stream along the 
wires. Such terms, it should, be understood, are founded merely on an assumed analogy 
of the electric f(»«e to fluid bodieoL The natnre of that force is unknown, and whether its 
transmission be in the form of a cnnrent, or by vibrattons, or by any other means, is un- 
determined. 

In a discnsdon which took place some years rince at a meeting of the British Associa- 
tton for the Advancement of Science, respecting the natnre of electricity. Professor Fara- 
day expressed his opinion as follows : — " There was a time when I thought I knew some- 
thing about the matter ; but the longer I live, and the more carefhUy I stndy the subject^ 
the more eonrinced I am of my total ignorance of the nature of electricity.** 

" After such an ayowsl as this,** says Mr. Bakewell, ** from the most eminent electrician 
of the age, it is almost useless to say that any terras which seem to designate the form of 
electricity are merely to be considered as convenient conventional expressions.** 
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Th« fknt attempt to increase Fia. 334 

?ll?Sval£* ^^ I»^®r ^ » galvanic dicuit 
by increasing the number of 
the combinational was made by Yolta. He 
constracted a pile of one and copper plates 
with a moistened doth interposed between 
eadL He commenced with a zinc plate, upon 
which he placed a copper plate of the same 
aize^ and on that a circolar piece of doth pre- 
Tionslj soaked in water slightly addolated. 
On the doth was laid another plate of zinc^ 
then copper, and again doth, and so on in suo 
cession, nntil a pile of fiffy series of alternate 
metal plates and moistened doths was formed, 
the terminal plate of the series at one end being 
copper and at the other end zina A. metallic 
wire attached to the hig^iest copper plate will 
constltate the positive pole, and another to the lowest zinc plate the negative 
pole of such a seriea 

Fig. 334 represents Yolta's arrangement of metal plates and wet doth% 
with the metallic wires, which constitute the poles. 

Such combinations are denominated Voltaic Piles, or 
Voltaic Batteries, and very often Q-alvanic Batteries. 

As two different metals and an interposing liquid are generally employed 
for tbi» purpose, it has been usual to call these oombioations jxitrsor elemerUs; 
so that the batteiy is said to consist of so many pairs or elements, oach pair 
or element consisting of two metals and a liquid. 

776. Voltaic piles or batteries have 
been composed and constructed in 
a great variety of forms, by combin« 
ing together in a series various sub- 
stances which excite dectridty when 
acted upon chemically. 

Thus, they have been constructed entirdy of veg- 
etable substances, without resorting to the use of 
any metal, by placing discs of beet-root and walnut- 
wood in contact With such a pile, and a leaf of 
grass as a conductor, convulsions in the musdes of a 
dead fix)g are said to have been produced. Other 
experimentalists have formed voltaic piles wholly 
of animal substances. 

DAfleriha za '^ perfectly dry voltaic pile, known 

boni'B PUe. * ^0°* ^^ inventor as Zamboni's Pile, 

may be formed of sheets of gilded 

paper and sheet zmc. If several thousands of these 



Of irbat Bab- 
Btanees have 
▼oltaie piles 
been conitnict- 
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be packed together in a glass tube, so that their similar metallio &ces shall 
all look the same way, and be pressed tightly together at each end by metallic 
plates, it will be found that one extremity of the {mIc is positive and the 
otlier negative. Such a series will last more than twenty years, but it re- 
quires as many as 10,000 pairs to afford sparks visible in daylight, and to 
charge the Leyden jar. 

Fig. 336 represents a pair of these piles, so arranged as to produce what 
has been called a perpetual motion. Two piles^ P N, are placed in such a 
position that their poles are reversed, and between them a light pendulum, 
vibrating on an axis and insulated on a glass pillar. This pendulum is alteiw 
nately attracted to one and then to the other, and thus rings two litUe bells 
connected with the positive and negative poles. 

The galvanic batteries in practical use at the present time differ consider- 
ably in form and efficiency, but the principle of construction in all is the same 
as that of the original voltaic pile. 

^ _,^ ,^ A very effective FiQ. 336. 

Describe the •' ^ , 

troagh battery, arrangement known 

as the trough bat- 
tery, is represented in Fig. 336. 
This consists of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates are attached to 
a bar of wood, and connected with 
one another by metallic wires, in 
such a way that every copper plate 
is connected with the zinc plate of 
the next celL The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electricity is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may be raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy effected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a surface of thirty-two square inchea 
Now, however, by improved arrangements, we can produce with ten or 
twenty pairs of plates, ^ects every way superior. 
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f^eseribe Smeo*8 
•ttery. 




In Other and more efficient oomponnd galranic circuits^ the ezdting licpikl 
IB placed in a aeries of aeparate cupa, or glaases, arranged in a drde, or if 
parallel lilies. Bach cup 0(»itains one zinc and one copper plate, not inuno 
diatelj in conneotion with each other, but every zinc plate of one cup ifl oon 
nected with the oopper plate of the preceding, hy a copper band, or wire. 
Thia arrangement is represented in Fig. 337, the copper plate, and the direo 
tion of the positive current being mdicated by the sign +» and the zipc plats 
and the direction of the negative current by the sign — . 

The simplest fi>nn of galvanic battery at present used it 
that invented by Mr. Smee, and known as Smee's battery 
(See Fig. 338.) It consists of a plate of diver coated with 
platinum, suspended between two plates of zinc, z z, the sur- ^q^ 333^ 
&ces of which last have been coated with mercury, or amal- 
gamated, as it is called.* The three are attached to a wooden 
bar, which serves to support the whole in a tumbler, O, par- 
tially filled with a weak solution of sulphuric acid and water. 
The wires, or poles for directing the current of electricity are 
x)nnected with the zinc and pl<uinum plates by small screw- 
sups, S and A. 

JVhAt is the Another fonn of battery, called the sulphate 
miphate of eop- of jopper battery, frofn the fact that a solution 
ler battery? ^f sulphate of copper (blue vitriol) is used as 
.he exciting liquid, is represented by Fig. 339. It consists of two conoentrio 
tylmders of copper tightly soldered to a copper bottom, 
ind a zinc cylinder, Z, fitting in between them. The 
anc cylinder, when let down into the solution, is pre- 
/^ented from touching the copper by means of tliree 
>ieoes oi wood or ivory, shown in the figure. Two 
crew-cups for holding the connecting wires ore at- 
ached, one to the outer copper cylinder, and the other 
o the zina 

The principal imperfection of the gal- 
vanic battery is the want of uniformity 
in its action. In all the various forms 
the strength of the electric current ex- 
cited continually diminishes from the moment the batterv 
action commences. In the sulphate of copper battery, especially, tiie power 
ii* reduced to almost notLirg in a comparatively brief space of tim& This is 
'r> chiefly owing to the circumstance that the metallic plates soon become 
coated with ibid products of the chemical, decomposition, the result of ths 
it smical action, whereby the electricity is developed. 

This difficulty is obviated, m a great degree, by the use of a diaphragm, of 
porous partition, between the two metallic plates, which allows a firee contact 

* It ia found that hj coating the zinc with mercury, the waste of the sine ia greatly 
diminished. It is not well understood in what way the mercory contrlbatea to this e(Eeet. 
We have a parallel to it in the rubber of t!ie electrical machine, which, when ooated witk 
an amalgam of sine and tfai, acts with greater effidency than under any other ciroom 
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3f the liquid on pach aide, within its poreSi but prevents the solid pnxxucta* 
of decomposition from passing from one plate to the other. 
DeaerliM Dan- ^am^l's constant battery, constructed according to this 
lei's ooxutoni principle, and represented in Fig. 340, mftm^iniT an effective 
b»ktaT- galvanic action longer 

than any other ; a is a hollow cylinder 
of copper; 2, a solid rod of amalgam- 
ated zinc; and e^ a porous tube of 
earthenware separating the two. 
Diluted sulphuric is placed in the 
porous tube, and a saturated solution 
of sulphate of copper in the copper 
cylinder. 

Whia to the Oneof the most effi- 
eonBtraetion of cient batteries is that 
Grore'. bat- j^^^^^ ^ Grove's bat- 
tery, from its inventor, and is the form generally used fur 
telegraphing and for other purposes in which powerful galvanic action is re- 
quired. It consists of a plain glass tumbler, in which is placed a cylinder of 
amalgamated zinc, with an opening on one side to allow a free circulation of 
the liquid Within this cylinder is placed a porous cup, or cell, of earthen- 
ware, in which is suspended a strip of platinum fastened to the end of a ziao 
arm projecting from the adjoining zinc cylinder. The porous cup containing 
the platinum is filled with' strong nitric acid, and the outer vessel containing 

the zinc with weak sulphuric 
Fia 341. add. Fig. 341 represents a 

series of these cups, arranged 
to form a compound circuit, 
with their terminal poles, P 
and Z. This form of battery 
is objectionable on account 
of the corrosive character of 
the acids employed, and 
the deleterious vapors that 
arise from it when in ac- 
tion. 

whatisthedis- 777. The electricity evolved by a single gal- 
Si'' o?^^ vanic circle is great in quantity, but weak in 
eieckrieity? intensity. 

These two qualities may be compared to heat of different temperatures. A 
gallon of water at a temperature of 100^ has a greater quantity of heat than a 
pint at 200^ ; but the heat of the latter is more intense than that of the former. 

What to the dta- The elcctricity, on the contrary, produced 
taS*tffriStoSS ^7 friction, or that of the electrical machine, 

•lectricity? 




intensity. 



is small in quantity, but of high tension, 02 



408 WELLS'S NATUBAL PHILOSOPHY. 

Ittnstrate the Mclional eloctridty is capable of paasing for a considerable 
diflferenceg be- distance through or over a non-conducting or insulating sub- 
JjJJJj^l*^* stance, which galvanic electricity can not do. Thus, the spark 
from a prime conductor will leap toward a conducting sub- 
stance for some distance through the air, which is a non-conductor; but if 'a 
current of galvanic electricity is resisted by the slightest msulation, or the in- 
terposition of some non-conducting substance, the action at once stops. Gkil- 
vanic electricity wiU traverse a^circuit of 2,000 miles of wire, rather than maki 
a short circuit by overleaping a space of resisting air not exceeding one hun- 
dredth part of an inch. Frictional electricity, on the other hand, will forcsft 
passage across a considerable interval, in preference to taking a long circuit 
through a conducting wire, or at least the greater portion of it will pass 
through the air, though some part of the charge will always traverse the wire. 

Frictional electricity produces very slight chemical or heating effects ; gal- 
vanic electricity produces very powerf\iI effects. 

A proper and simple arrangement of a zinc plate and a little acidulated 
water, will { roduce as much electricity in three seconds of time as a Leyden 
jar battery charged with thirty turns of a large and powerAil plate electrical 
machine in perfect action. The shock received by transmitting this quantity 
of galvanic electricity through the animal system would be hardly perceptible, 
but received from a Leyden jar, would be highly dangerous, and perhaps 
fUtaL A grain of water may be decomposed and separated into its two ele- 
ments, oxygen and hydrogen, by a very simple galvanic battery, in a very 
short time; but 800,000 such charges of a Leyden jar battery, as above re- 
ferred to, would be required to supply electricity sufficient to accomplish the 
same result. Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerful flash of lightning. 

uponwhatdocB The quantity of electricity excited in a gal- 
JanSf'dJrtrid" vanic circuit is directly proportional to the 
t7 depend? amount of chemical action that takes place^ 
as between the zinc and the acid. By increasing the 
amount of surface exposed to chemical action, we there- 
fore increase the quantity of electricity evolved. 

Hence, gigantic plates have been constructed for the purpose of obtaining 
an Immense quantity. 

The intensity of the electricity evolved de- 
intensity de- pcuds upou the numbcr of plates, and is great* 
^^ est when the voltaic pile is made up of a great 

number of small plates. 

Supposing an equal amount of surface of copper and zinc employed, the 
abock, and other indications of a strong charge, would be greater if it were 
cut up Into many small circles, than If it formed a few large ones. But the 
actual quantity of excitement would be greatest with the large plates. 
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ftow may roi- 778. When the wire from one end of a vol- 
^ter^^aS *aic battery is connected with the wire from 
renewed? ^j^g opposito end, voltaic action instantly com- 
mences ; and it as instantaneously ceases when the con- 
nection is interrupted. The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistance 
caused by traversing miles of wire. 

^fhat are the *^*^^' ^^® ™^^ Ordinary effects produced by 
eff^**^?^ the developed electricity of a large galvanic 
^nic eiectrici- battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 
_^ ^ , Heat is evolved whenever a ffalvanic cur- 

Whendoesgal- • -i t i 

v»nic eiertrid- rcut passcs ovcr a conductmg body, the amount 
of which will depend on the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which the body offers to the passage of the cur- 
rent. 

The metals differ greatlj in their conductmg power. Thus, if we link 
together pieces of copper, iron, silver,- and platinum wire, and pass a galvanic 
current along them, they will be found to be unequally heated, the platinum 
being the most, and the copper the least. 

The easiest method of showing by experiment the heating 
h«Siig"^ecti power of the galvanic current is to connnect the poles of a 
of .jS*^^*^ . battery by means of a fine platinum wire. If the wire is very 
Ulufltrated? ^ong it may become hot; shorten it to a certain extent, and 

it will become red-hot; shorten it still more, and it will be- 
come white-hot, and finally melt. If such a wire is carried through a small 
quantity of salt water on a watch-glass, the liquid will boil ; if through alco* 
hoi, ether, or phosphorus, they will be inflamed ; if through gunpowder, it wiU 
be exploded. 

Whftt nractiQAi "^'^^ powcr has been applied to the purpose of firing blasts, 
application has or mines of gunpowder, an operation which may be effected 
^"pwex? **^ "^^^ eqoal fecility under water. The process is as follows:*— 

The wires firom a sufficiently powerful battery are connected 
by a piece of fine platinum wire, .which is placed in a mass of gunpowder con- 
tained in a cavity of a rock, or inclosed in a vessel beneath the surface of 
water. Tho wire may be of any length, but the moment connection is made 

18 
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with the battery the cmTent paaaes^ renders the platiimm red-hot, and ex% 
plodes the the powder.* 

The greatest artificial heat man has jet saoceedcd in pro- 
sreatMt utifl.- ducing has been through the agency of the galyanic battery. 
*i»d oad*f ^ "^^ ^® metals, including platinum, which can not be fused 
by any furnace heat^ are readily melted. Gold bums with a 
Uaeish Ught^ sQirer with a bright green flame, and the combustion of the 
other metals is always accompanied with brilliant results. All the earthy 
minerals may be liquefied by being placed between the poles of a sufficiently 
large battery. Sapphire, quartz, slate, and lime, are readily melted; and 
the diamond itself fuses, boils, and becomes oonyerted into coal. 

Hoir are fha ^^^' ^^^ lumiiious efffects of the galvanic 
feSl°**S ^ battery are no less remarkable than its heating 
!«7*mLiifeltI effects. A very small voltaic arrangement is 
**' sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of 
wires proceeding from the opposite poles of a battery are 
brought nearly together, a bright spark will pass from one 
to the other^ and this takes place even under water, or iu 
a vacuum. 

How may the The most Splendid artificial light known is 
SSaciai^iigS produced by fixing pieces of pointed charcoal 
tw produced? ^ ^j^q wircB couuected with opposite poles of a 
powerful galvanic battery, and bringing them within a short 
distance of each other. The space between the points is 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light, which is termed the electric light, differs from 

electrio^^light ^ Other forms of artificial light, inasmuch as it; is independent 

differ ^^^ aU of ordinary combustion. The charcoal points appear to suffer 

lights f QO change, and the light is equally strong and brilliant in a 

yacuum, and in such gases as do not contain oxygen, where 

* In the oooTM of the oonstraction of a railwej recently in En^and, it heoama neoee- 
8«i7 to detach a large mass of rock from a cliff on the sea-coast in order to avoid the ex- 
pense of a long tnnnd. To have done this hy the direct application of homan labor and 
the ordinary operations of blasting, would have been attended urith an Immense expendi- 
ture of time and money. It -was accordingly resolved to blow it up with gunpowder, 
ignited by the galvanic battery. Nine tons of powder were accordingly deposited in cham- 
bers at from 60 to 70 feet from the face of the cliff, and fired by a conducting wire connected 
with a powerful battery, placed at 1,000 feet from the mine. The explosion detached 
•00,000 tons' weight of chalk from the cliff. It was proved that this might have been 
equally effected at the distance of 8,000 feet This bold experiment saved eight moatlu* 
labor and $60,000 expense. 
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aH other artificial lights would be extinguished. It may even be produced 
under water. To excite the electricity, howeyer, which occasions this light, 
zinc or some other mutal must be ozydized, or what is the same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts for the production of 
other species of artificial light 

The effects of the galvanic battery upon the 
ph^oi^cai nerves and muscles of the animal system are 
T.nic dectriol of the samc character as those produced by 
^' ordinary electricity. 

On grasping the two ends of the connecting wires of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied by a slight contortion of the muscles, and increasing 
to a violent shock. This shock is repeated every time a contact between the 
hand and the wire is broken and renewed. The concussion of the nerves of 
the body is, therefore, produced by the entrance and exit of the currents of 
electricity ; for they evidently must pass through the body the moment it forms 
the connecting link between the two poles. 

By a particular arrangement, the circuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body ; the latter being thus exposed to a 
series of shocks which are considered particularly adapted for the cure of 
diseases arising from the injury or derangement of the nervous system. It is, 
moreover, a highly valuable remedy in cases of suffocation, drowning, paraly- 
sis, etc. , and numerous arrangements have been at various times proposed 
for the construction of medico-galvanic machines. 

The effects of galvanic electricity on bodies recently deprived of life is very 
remarkable, and it was through an accidental observance of its action upon a 
dead frog that galvanism was discovered. By connecting the muscles and 
nerves of recently-killed animals with the poles of a battery, many of the 
movements of life may be produced. Some remarkable experiments of this 
character were made some years since upon the body of a man recently 
executed for murder at Glasgow, in Scotland. The voltaic battery em- 
ployed consisted of 270 pairs of plates, four inches square. On applying 
one pole of the battery to the forehead and the other to the heel, the 
muscles are described to have moved with fearful activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the counten- 
ance. 

781. Galvanic electricity is a powerful agent in effectmg chemical decom^. 
positions, and in its application to such purposes, it is most practically useful. 

Can gairanio Whcu a currcnt of galvanic electricity is 
• fl^t'^chLi^ made to pass through a compound conducting 

decompodtionf gubstanco, its tendency is to decompose and 
. separate it into its constituent parts. 
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Bov may wa- Thus, water is oomposed of two gases, oxygen and hydro- 
ter be deeom- gen united together. When the wires connecting the poles 




of a galvanic hattery are placed in water, and a sufficiently 
strong current made to pass through them, the water is decomposed, the 
hydrogen being given out at the negative pole of the 
battery, and the oxygen at the positive pole. Fig. 
342 represents a form of apparatus by which this 
experiment can be performed in a very satis&ctorjr 
manner. It consists of two tubes, and H, sup- 
ported vertically in a small reservoir of water, 
and two slips of platinum, p p^ which can be con- 
nected with the poles of a voltaic battery, passing 
in at the open end of the tubes. When communis 
cation is effected between the platinum slips and a 
battery in action, gas rapidly rises in each tube and 
collects in the upper part In that tube which is in 
connection with the positive pole of the battery oxygen accumulates, and in 
the other hydrogen. And it will be noticed that the quantity of the latter is 
equal to twice the quantity of the former gas, since water contains by volume 
twice as much hydrogen as it does oxygen. 

The explanation of this phenomenon may be briefly given 
as follows : — ^All atoms of matter are regarded as originally 
charged with either positive or negative electricity. In the 
case of water, hydrogjen is the electro-positive element and 
oxygen the electro-negative element It has been ah«ady 
shown that bodieis in opposite electrical states are attracted by each other. 
Hence, when the poles of a galvanic battery are inmiersed in water, the nega- 
tive pole will attract the positive hydrogen, and the positive pole the negative 
oxygen. If the attractive force of the two electricities generated by the bat* 
tery is greater than the attractive force which unites the two elements, oxygen 
and hydrogen, together in the water, the compound will be decomposed. Upon 
the same principle other compound substances may be decomposed, by em- 
ploying a greater or less amount of electricity. In this way Sir Humphrey 
Davy made the discovery that potash, soda, lime, and other bodies, were not 
simple in their nature, as had previously been supposed, but compounds of a 
metal with oxygen. 

T82. Recent experiments have shown that the electricity 
which decomposes, and that which is evolved by the decom- 
position of a certain quantity of matter, are alike. Thus, water > 
is composed of oxygen and hydrogen ; now, if the electrical 
power which holds a grain of water in combination, or which 
causes a grain of oxygen and hydrogen to unite in the right proportions 
to form water, could be collected and thrown into a voltaic current, it 
would be exactly the quantity required to produce the decomposition 
of a grain of water or the liberation of its elements, oxygen and hy- 
drogen. 
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What Is an 783. Foi convenience in certain experi- 
Eiectrodef ments, the ends of the copper wires connect- 
ing the poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are called 
Electrodes. The platinum slip connected with the posi- 
tive pole forms the positive electrode, and that with the 
negative pole, the negative electrode. 

Flatinnm is used for the reason, that in emplojring the battery for effecting 
decompositions, it is frequently necessaTy to immerse the ends of the con- 
ducting wireis in corrosiye liquids, and this metal generally is not affected by 
them. 

What is Eiec ^84 Elcctro-metallurgy, or electrotyping, is 
tro-metauurgyf ^^q qj.^ qj. proccss of depositing, from a metal- 
lic solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.* * 
Upon what is ^ho proccss is bascd on the fact, that when 
^process a galvauic current is passed through a solu- 
tion of some metal, as of sulphate of copper 
(sulphuric acid and oxyd of copper), decomposition takes 
place ; the metal is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that may be attached to the negative pole ; while the 
oxygen or other substance before in combination with the 
metal, goes to, and is deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached to the 
negative pole of a battery, and placed in a solution of copper opposite to the 
positive pole, will be covered with a coating of copper ; if the solution con- 
tains gold or silver instead of copper, the substance will be covered with a 
coating of gold or silver in the place of copper. 

The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness, if desired. 

The usual arrangement for conducting the electrotype process is represented 

* The general name of electro-metallargj inelndes all the rarions processes and resnltfl 
which different inventors and manufacturers have designated as galyano-plastic, electro- 
plastic galvaao-type, electro-typing, and electro-plating and gilding. 
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by Fig. 343. It oonsista of a trough of wood, or an earthen vessel, containing 
the solution, the decomposition of which is desired — ^for example, sulphate of 
copper. Two wires, one connected with the positive, and the other with the 
negative pole of a battery, Q. are extended along the top of the trough, and 
supported on rods of dry wood, B and D. The medal, or other article to be 
coated, is attached to the negative wire, and a plate of metallic copper to the 
positive wire. When both of these are immersed m the liquid, the action 
commences — the sulphate of copper is decomposed — ^the copper being de- 
posited on the medal, and the liberated oxygen on the copper plate. As the 
withdrawal of the metal from the solution goes on, the copper plate attached 
to the positive pole undergoes corrosion by the sulphuric acid which is liber- 
ated and attracted to it, and sulphate of copper is formed. This, dissolving in 
the liquid, maintains it at a constant strength. When the operator judges 
that the deposit on the medal is sufficiently thick, he removes it fix)m the 
trough, and detaches the coating. The deposit is prevented from adhering to 
the medal by rubbing its surface in the first mstance with oil, or black-lead, 
and if it is desired that any part of the sur&ce should be left uncoated, that 
portion is covered with wax, or some other non-conductor. 

FiO. 343. 




In this way a most perfect reversed copy of the medal is obtained, — ^tbat is, 
the elevations and depressions of the original are reversed in the copy. To 
obtain a &c-simile of the original, the electrotype cast is subjected to a repe- 
tition of the process. 

In general, it is found more convenient to mold the object to be repro- 
duced in wax, or Plaster of Paris. The surface of this cast is then brushed 
over with black-lead to render it a conductor, and the metal deposited directly 
upon it The deposit obtained will then exactly resemble the original ob- 
ject 

The pages and engravings in the book before the reader are illustrations of 
the perfection and practical application of the electrotype process. The en- 
gravmgs were first cut upon wood-blocks, and then, with the ordmary type^ 
formed mto pages. Casts of the whole in wax were next made, and an eleo- 
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ftrotype ooating of copper deposited upon them, and from the copper plates 
60 formed the book was printed. The great advantage of this is, that the 
copper being harder than the ordinary type metal, is more durable, and re- 
sists the wear of printing from its surface for a longer period. 
How hM the "^^^ improvement eflfected by electro-metallurgy in engrav- 
eiectrotyms ing is very great. When a copper plate is engraved, and im- 

PJ^'J^f *®* pressions printed oflf from it, only the first few, called " proof 
impressions," possess the fineness of the engraver's delineation. 
The plate rapidly wears and becomes deteriorated. But by the electrotype 
process, the original plate can at once be multiplied into a great many plates 
as good as itself and an unlimited number of the finest impressions pro- 
cured. 

In this way the map plates of the Coast Survey of the United States, some 
of which require the labor of the engraver for years, and cost thousands of 
dollars, are reproduced — ^the original plate being never printed from. 

One of the simplest illustrations of metallic deposit by electro-chemical ac- 
tion is afibrded by the following experiment : — ^Put a piece of silver m a glass 
containing a solution of sulphate of copper, and into the same glass insert a 
piece of zinc. No change will take place in either metal so long as they are kept 
apart ; but as soon as they touch, the copper will be deposited upon the sil- 
ver, and if it be allowed to remain, the part immersed will be completely 
covered with copper, which will adhere so firmly that mere rubbing alone will 
not remove it 

How doea tha 785, Whcix two mctals which are positive 
S^Ss^'^ff^ fl-^d negative in their electrical relations to 
their durabiufcyf ^^^^1^ othcr, are brought in contact, a galvanic 
action takes place which promotes chemical change in the 
positive metal, but opposes it in the negative metaL 

-^^. .« Thus, when sheets of zinc and copper immersed in dilute 

tratiooB of thia add touch each other, the zinc ozydizes or rusts more, and the 
principle r copper less rapidly, than without contact Iron nails, if used 

in fastening copper sheathing to vessels, rust much quicker than when in other 
situations, not in contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. 

What is gri. What is called galvanized iron, is iron cov- 
▼aniaediron? ^^ed entirely, or in part, with a coating of 
zina The galvanic action between the two oxydizes the 
zinc, but protects the iron from rust. 

Copper, when immersed m sea-water, rapidly wastes by the 
Stl^pttopro^ chemical action of the oxygen dissolved in sea-water; but if 
tectihe sheath- j^ \yQ brought in contact with zinc, or some metal that is more 
i^Mrrodrar electro-positive than itself the one will undergo a rapid 
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diange^ and the copper will be preserved. Sir Homphiey Darj- attempted to 
i^ply this principle to the protection of the copper sheathing of Bhips^ by 
placing al intervals over the copper small strips of zinc. The expeiiment 
was tried, and a piece of zinc as large as a pea was foond adequate to pre- 
serve forty or fifty sqnare inches of copper ; and this wherever it was placed, 
whether at the top, bottom, or middle of the sheet, or imder whatever form 
it was aaed. The value of the application was, however, neutralized by a 
consequence which had not been foreseen. The protected copper bottom 
rapidly acquired a coating of sea-weeds and shell-fish, whose fiietion on the 
water became a serious resistance to the motion of the yessel, and it yrsa dis* 
covered that the bitter, poisonous taste of the copper suiface, when corroded, 
acted in preventing the adhesion of living objectaw The principle, however, 
has been applied with success to protect the uron pans used in evaporating 
sea-water. 



CHAPTER IVII. 

THBRMO-BLBCTRIOITT. 

What is Ther- 786. If two dissimilar metallic bars be sol- 
mc^iectridtyf ^j^j,^^ together, and heated at the point of 
junction, an electric current will circulate through them, 
and may be carried off by connection with any good con- 
ductor. Electricity thus generated or developed is called 
Thermo-electricity. 

Thus, if two bars, one of German sQver and the other of brass, as repre- 
sented in Fig. 344 (the dark one being the brass), be heated at their junction, 
Fia. 344. ^"^ electric current will flow in the direction of the 

arrows Irom the German silver to the brass. 

Different degrees of temperature, also, in the same 
metal, virill occasion an electric current to flow fix>m 
the colder to the warmer«portions. 

The properties of thermo-electricity 
are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 
German silver, bismuth, brass, iron, and antimony. 

How ar« ther- Thermo-electric batteries of considerable power may be con- 
mo-eieetric bat- stnicted by combining together alternate plates of German silver 
i^^Sedf *^^' *°^ brass, or bismuth and antimony, thick cards of pasteboard 
being so placed between the plates, that a contact of the 
metals is prevented, except at the ends. Such a battery, represented by fig. 
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345, may be made to develop electricity by heating ElG. 845. 

one end of the bundle, or pile of plates. 

By binding together two bars of bismuth and 
antimony, an electric current can be proved to circu- 
late with the slightest variation of temperature. 

A series of slender bars of these two metals, ar- 
ranged as a thermo-electric battery, is far more sen- 
sitive to heat than the most delicate thermometer ; 
80 that the heat radiated from the hand brought near 
to one end of the battery is sufficient to excite hn appreciable amount of elec- 
tricity. 
Fig. 346 represents the construction of such a battery. It consists of thirty- 
six delicate bars of bismuth and antimony, 
alternately connected at their extremities 
and packed in a case, the ends of which 
are removed in the figure to show the 
bars. The area of such a battery is not 
quite one half an inch. A represents a 
conical reflector, used to concentrate rays 
of heat in experimenting. 
It has been also found that when hot water mixes with cold water, that 
eleclridty is produced ; the hot liquor being positive and the cold negative. 
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MAGNETISM. 



What Is a nat- 
ural magnet? 



787. A NATURAL magnet, sometimes called 
a loadstone, is an ore of iron, known as the 
protoxyd of iron, or magnetic oxyd of iron, which is ca- 
pable of attracting other pieces of iron to itself. 

^ o . H Natural magnets are by no means rare ; they 

are found in many places in the United States, 
and m Arkansas, especially, an ore of iron pos- 
sessing remarkably strong attractive powers is 
very abundant 

The magnetic ore is usually of a dark color, 

and possesses but little metallic luster.* If a 

piece of this ore be dipped in iron filings, or 

brought in contact with a number of small 

18* 
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needloe^ thej will adhere to the extremities of the magnet^ as is represented 
in Fig. 347. 

cma m ii»gnet When a uatUTal magnet is brought near to, 
ita^p^^^r or in contact with a piece of soft iron or steel, 
it communicates its attractive properties, and 
renders the iron a magnet. In doing so, it loses none of 
its original attractive influence. 

whatawarti- Bars of irou or steel which by contact with 
fidaimagneuf natural magucts, or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

For aU practical purposes, artificial magnets are used in preference to nat- 
ural magnets, and can be made more powerful 

Define th ^^® attractive force of magnets has received 
meaning of the the name of Magnetic Forcb, and that de- 
force and mag- partment of science which treats of magnets 
and their properties is denominated Mag- 
netism. 

This designation must not be confounded with Animal Magnetism, a term 
which has been adopted to designate a certain influence which one person 
may exercise over another by meana of the wilL 

Tm. * *v 788. The attractive power of the magnet is 

What are tne ■••/«»■■ •/•■• /»• 

poiwiofamag- not diffuscd Uniformly over every part of its 
surface, but resides principally at opposite 
points or extremities of its surface. These points are 
termed poles. 

Between the regions of greatest attraction, a point may 

be found where the attractive influence wholly disappears. 

When a bar magnet is rolled in iron filings, the filings attach themselves 

to the magnet ia the manner represented in Fig. 348, and in this way clearly 

indicate the location of the magnetic force. 

Fig. 348. 




In a steel magnet, the actual poles, or points of greatest magnetic intensity, 
tfe not exactly at the ends, but at a distance of about one tenth of an Inch 
from each extremity. 
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li. what pori- 789. When a magnet is supported in such 
SSTfiSdy^Sli * ^^7 ^s *o move freely, it will rest only in 
pendedrestr qqq positiou, viz., with its poles, or extremi- 
ties directed nearly north and south. 

If drawn aside from this position, it will continue to 
vibrate backward and forward, until it again rests in the 
game position. 

What are the ^^® P^^®» ^^ cxtremity of the magnet that 
north and soath constautlv poiuts toward the north, is called 

poles of a mag- j ^ f ^ 

>»«*' the North Pole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
^Sc* ** iSity cause it, when suspended freely, to constantly 
^'irer?'**^^ tum the same part toward the north pole, 

and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

whehiaa Whcu a maguct, being free to move, places 

netnddtotraZ itsclf after dcflcction in a nearly north and 

south Ime, it is said to traverse. 

The attractive fi>ro& of the loadstone, or natural magnet, can not be consid- 
ered as of any great amount. Native magnets, in their rude state, will sel- 
dom lift their own weight, and, with some rare exceptions, thehr power is 
limited to a few pounds. 

791. When two bodies possessing magnetic 

What ia the . • x x 'xl. 

general lair of propcrtics arc brought near, or m contact with 
tractioM and cach othcr, thc like poles will repel, and the 
^^ **"" unlike attract each other. 

Thus, the north or the south poles of two magnets re- 
pel each other ; but the north pole of the one will attract 
the south pole of the other. 

792. Magnetism may be excited most read- 
in what wih- , •. . ^^ , ^ - •^ _ , , ., . - 

staBoes may ily m irou and stecl. In steel the magnetic 

magnetism he.,.,, • . 

moat easily ex- property, whcu mduccd, remains permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass, 
nickel, and cobalt may also be rendered magnetic. 
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Beoent inyestigations have shown that the mfluence of magnetiam, which 
was onoe sappoeed to be wholly restricted to iron and its compounds, is a^ 
most as pervading and wide-extended as that of electricity. The emerald, 
the ruby, and other precious stones, theoxjgen of the air, glass, chalk, bone, 
wood, and many other substances, are more or less susceptible to magnetic 
influezioe. This influence, however, is perceptible only by the nicest tests, 
and under peculiar circumstances. 

1,-t f Artificial magnets of iron or steel may be of any required 

are artifldal form, or of almost any dimensions. For general purposes, 
sugn^^ COUP ^qj ^^ Kmited to straight bars. 

When a piece of iron not magnetic is brought in contact 
with a common magnet, it will be attracted by either 
pole ; but the most powerful attraction takes place when 
both poles can be applied to the sur&ce of the piece of 
iron at once. The magnetic bars are for this purpose 
bent somewhat into the shape of the letter U, and are 
termed hors&«hoe magnets. 

Several of these are frequently joined together with 
their similar poles in contact ; they then constitute a 
compound magnet, and are vety powerful, either for 
lifting weights or charging other magnets. 
For the purpose of distinguishing between the two 
poles of an artificial magnet, the end of the bar which is designated as the 
north pole is generally marked with a + or with the letter N. 

ifire break an ^ ^® break a magnet across the middle, 
S^HSat™^ each fragment becomes converted into a per- 
corar ^QQ^ magnet; the part which originally had a 

north pole acquires a south pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bar N S, Fig. 350, be 
broken in the center, each of the fractured 
ends will exhibit a polar state, as perfect I — ; 
as the entire magnet; the fractional end s j^ 

becoming a south and n a north pole, al- 

though at this middle point, where n and 

i join, no magnetism could, before the breaking, have been detected. 

If we divijle up a magnet to the extreme degree of mechanical fineness 
posfflble, each particle, however small, will be a perfect njagnet. 

The properties of a magnet are not at all affected by 
the presence or absence of air ; but its influence is as 
great in a vacuum as in any other situation. 

Heat weakens the power of a magnet, and a white heat 
destroys it entirely. 



Fig. 350. 
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Where does the 
magnetic power 
of a body re- 
sidef 

How may steel 
be rendered 
magnetic? 



How is soft 
iron maenet- 
ixedf 



May iron be 
rendered mag- 
netic by induc- 
tion? 



798. The magnetic power of an iron or steel 
magnet appears to reside wholly upon the sur- 
face, and to circulate about it. 

To render a bar of steel magnetic, the north 
pole of a magnet is placed on the center of a 
bar of steel and repeatedly drawn over it toward one ex- 
tremity ; the other half is subjected ta a similar treat- 
ment with the south pole of the magnet ; the bar is thus 
rendered magnetic, and only loses this property when 
strongly heated. 

A bar of soft iron becomes magnetic by sim- 
ple contact with a magnet, but the effect, as 
before stated, is not permanent. 

It is not necessary that absolute contact 
should take place between a bar of soft iron 
and a magnet, in order to render the iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the influence of the former. To this phenomenon the 
name of induction has been given, and the distance through 
which this effect can take place is called the magnetic at- 
mosphere. 

Thus, let a W of soft iron, B, as in Fig. 351, bo 
brought near to a magnet, M, whose poles, north and 
south, are indicated by N and S. ■ By induction, the 
bar will be rendered magnetic, the end of the bar to- 
ward the north pole of the magnet constituting its 
south pole, and the other end the north pole. 

In all cases, where either pole of a magnet is brought 
near to, or in contact with bodies capable of acquiring 
magnetism, the part which is nearest to the pole of 
the magnet acquires a polarity opposite, while the re- 
mote extremity becomes a pole of the same kind ; hence the attraction of a 
magnet for iron, is simply the attraction of one pole of a magnet for the oppo- 
fflte pole of another. 





Fio. 351. 
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The general effect of magnetization by induction may be 
clearly exhibited by bringing a powerful magnet near to a 



How may the 
phenomena of 

dn^on he ex- P^®^® ^^ ^oft iron, as a large key, when it will be found that 
hibited? the large key will support several smaller ones; but as soon 

as the body inducing the magnetic action is removed, they all drop otL 
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Cm the earth Magnetism may be also indaced in a bar of 
indaee magnet. Jron bj the action of the earth. 

Most iron bars and rails^ as the vertical bars 
of windows, that have stood for a considerable time in a 
perpendicular position, will be found to be magnetic. 

If we stupend a bar of soft iron soffidentlj long in the air, it 
SSoM* '""rf ^^ gradually become magnetic ; and although when it is first 
magnetimn Id- suspended it points indifferently in any direction, it will at 
4oe(^^ bj the j^^ ^^^ ^^^^ ^^^ south. 

If a bar of iron; such as a kitchen poker, which has been 
found to be deroid of magnetism, is placed with one end on the ground, 
slightly inclined toward the north, and then struck one smart blow with a 
hammer upon the upper end it will acquire polarity, and exhibit the attractive 
and repellent properties of a magnet 

Does magnetie Magnetic attraction can be made to exert 
teSd^through i*s influence through glass, paper, and solid 
other bodiear ^j^^j liquid substauces generally which are not 
capable of acquiring magnetic influence in the ordinary 
manner. 

If a horse-shoe magnet be placed undei^ 
Pio. 362. noath a sheet of paper which has irdb 

filings sprinkled oyer its sui&oe, the fil- 
ings, upon the approach of the magnet^ 
will arrange themselves in great regularity 
in lines diverging from the poles of the 
magnet, in curves, and extending fix>m 
the one pole to the other, as is repre- 
sented in Fig. 352. The numerous fisg- 
ments of iron, being rendered magnets by 
induction, have their unlike poles fronting 
each other, and they therefore attract one 
another, and adhere in the direction of their polarities, forming what are termed 
magnetic curves. 

If a plate of iron is caused to intervene between the magnet and the under 
wmfaoQ of the paper, the magnetic influence is almost entu^ly cut off. 

Do artificial 794. Magucts, if left to themselves, gradth 
Seff*^roiJ" ^l^y? *°d in a space of time varying with the 
*^®*' hardness of the metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 

This is prevented by keeping their poles united by 
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What ii an i^iGans of a soft iron bar called an Armature, 
^^*"«' represented at A, Fig. 349. 

This becoming magnetic by induction, reacts upon the 
magnetism in the poles of the magnetic bar, and tends to 
increase rather than diminish their intensity. 
What is the The lifting or sustaining power of magnets 
^STnS^iSmi varies very materially. The most powerful 
that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
How does Che The law of magnetic attraction and repul- 
nettJatoaS^n siou IS the samc as that of gravitation ; that 
M^ repulsion jg^ these forces increase in the same proportion 
as the square of the distance from the center 
of attraction or repulsion diminishes. 

A rdi to *^^^' "^^ various phenomena of magnetism have been ac- 
what theory are counted for by supposing that all bodies susceptible of magnet- 
magnetio phe- jgj^ ^^^ pervaded by a subtle imponderable fluid, which is com- 



coanted forf pound in its nature, and consists of two elements, one called 
the aastral, or soutiiem magnetism, and the other the boreal, 
or northern magnetism. Each of these^ like positive and negative electrici- 
ties^ repel their own kind, and attract the opposite kind. 

When a body pervaded by the compound fluid is in its natural state and 
not magnetic, the two fluids are in combination and neutralize each other. 
When a body is magnetic, the fluid which pervades it is decomposed, the austral 
fluid being duected to one extremity of the body, and the boreal to the other. 

Iron and steel are easily rendered magnetic, because the fluids which per- 
vade them can be easily decomposed by the action of other magnets. In 
iron, the separation of the two kinds of magnetism may be easily, but only 
transitorily effected. The magnet, therefore, attracts it powerfuUy, convert- 
ing it, however, into only a temporary magnet In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powerfol magnets. When once effected, however, the 
separation is permanent^ and the steel becomes a perfect magnet 

As, according to this theory, the act of rendering a body magnetic consisti 
simply in decomposing a fluid pervading it, we can easfly understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the former losing any of its magnetic properties. 

What ia a 796. The Magnetic Needle (Fig. 353) is 

Ha|neii« Nee- gimpiy a bar of stccl, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal direction. . 
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FiQ. 353. Such a needle, when properly balanoed, will be 

observed to vibrate more or less, until it settles in 
such a direction that one of its extremitiesy or 
poles, points toward the north, and the other to- 
ward the sooth. If the position of the needle bo 
altered or reversed, it will always turn and vibrate 
again until its poles have attained the same direo- 
tion as before. 

It is this remarkable property of a magnetized 
steel bar, of always assuming a definite direction. 

that renders the compass of such value to the mariner, the engineer, and th* 

traveler. 

The ordinary compass coDsists of a mag- 
netic needle, or bar balanced upon a pivot, and 
inclosed within a shallow box, or metallic case. Upon 
the bottom of the box is a circular card with the chief, or 
cardinal points of the horizon, north, south, east, west, 
marked upon it. 

Fig. 354 represents the form and construction of the ordinary, or land com- 
pass. The term compass is derived from the card, which compasses, or in- 
volves, as it were, the whole plane of the horizon. 

Fig. 354. 



What is 
Compass f 




In the Sea, or Mariner^s Compass, the needle is attached to 

the under side of the card, in such a way that both traverse 

together — the needle itself being out of sight Upon the 

surface of the card is engraved a radiating diagram, dividing 

the whole circle of the horizon into thirty-two parts, called 

pointa The compass-box is supported by means of two concentric hoops, 

called gimbals. These are so placed as to cross each other, and support the 

box immediately in the center of the two ; so that whichever way tiie vessel 



What is the 
construction of 
the Sea, or 
Mariner's Com- 
pass? 
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may roll or lurch, the card is al- 
ways in a horizontal position, 
and is certain to point the true 
direction of the head of the ship. 
Fig. 355 represents the construc- 
tion and mounting of the Sea 



FiCk 366. 



WhAtisaDip- 
ef 




797. If a 

l^Needlef simple hSX 

of unmagnetized steel, 
or an ordinary needle 
be suspended frbm a 
center, instead of being balanced upon a pivot beneath 
it, it will hang horizontally, and manifest no inclination 
to dip from a horizontal line, either 
on one side or the other of the cen- 
ter of suspension. But if the bar, 
or needle, be made a magnet, it 
will no longer lie in a horizontal 
direction, but one pole will incline 
downward and the other upward ; 
the inclination in this latitude to 
the horizon being about 70^ 

Such arrangement is called a 
Dipping Needle. 

fig. 356. represents the construction and 
appearance of the dipping needle. 

Doei ihe mag- 

^SSdue^SSS magnetic needle is said 
and ioath. ^q poiut uorth and south, accurate observations 
have shown that it does not point exactly north and south 
except in a few restricted positions upon the earth's surface. 
799. The direction assumed by a horizontal 
needle in any given place upon the earth's 
surface, is called the magnetic meridian, 
wh t is ter- "^ terrestrial meridian, it will be remembered, is a great dr- 
restrial merid- cle, supposed to be drawn around the earth, passing through 
**^^ both poles, and any given place upon its sur&ce, and inter- 

secting the equator at right angles. (See § 68, Fig. 6, page 36.) The direction 



798. Although the 




What in the 
magnetic merid- 
ian r 



426 WELLS'S NATURAL PHILOSOPHY. 

of a needle which would point due north and south at anj place^ win be 
the true, or terrestrial meridian of that place. 

wh*t i» the The deviation of the needle from the true 
d^^tion *5f D^orth and south, or the angle formed by the 
the needier magnetic meridian and the terrestrial merid- 
ian, is called the variation, or declination of the needle. 
What are the There are two lines upon the earth's sur- 
unee^of no ▼•- face, aloug which the needle does not vary, but 
points to the true north and south. These 
lines are called the eastern and western lines of no varia- 
tion, and are exceedingly irregular and changeable. 

Their position is as follows: — ^The western line of no variation begins in 
latitude 60®, to the west of Hudson's Bay, passes in a south direction through 
the American lakes, to the West Indies and the extreme eastern point of 
South America^ The eastern line of no variation begins on the north in the 
White Sea, makes a great semicircular sweep easterly, until it reaches the 
latitude of 71®; it then passes along this Sea of Japan, and goes westward 
across China and Hindoostan to Bombay ; it then bends east^ touches Australia^ 
and goes south. 

In proceeding in either direction, east or west fh>m the lines of no varia- 
tion, the declination of the needle gradually increases, and becomes a max- 
imum at a certain intermediate point between them. On the west of the 
eastern line the declination is west; on the east it is east ' 

At Boston, in the United States, the declination of the needle is cbout 5^® 
west ; in England it is about 24® west ; in Grreenland, 50^ west ; at St Peters- 
burg, 6® west 

How is th dl- ^^^* '^^ *^® directive property of the magnetic needle is 
reetiye power observed everywhere in all parts of the world, on all seas, on 
aaxmnteT for* *^® loftiest summits of mountains, and in the deepest mines, 
it is evident that there must be a magnetic force which acts 
at all points of the earth's surface, since magnetic needles can no more take 
up a direction of themselves than a body can acquire motion of itselt To 
explain these phenomena, the earth itself is considered to be a great magnet^ 
and the points toward which the magnetic needle constantiy turns are called 
the magnetic poles of the earth. These poles, by reason of their attractive 
influence, give to the needle its directive power. 

_- ^. The two poles of the great terrestrial magnet which ai» 

wnere are tne .. , . ,,* ... « ,, , « .i ., % 

magnetic poles Situated m the vicinity of the poles of the earth's axis, are 

situated f termed respectively the magnetic north pole and the magnetic 

south pola These contrary poles attract each other, and thus a magnetic 

needle will turn its south pole to the north, and its north pole to the south. 

Hence, what we generally call the north pole of a needle is in reality its 

south pole, and its south pole is its north pole. 

The eicact position of the northern magnetic pole is about 19® fiom the north 
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pole of the earth, in the direction of Hudson's Bay. It was visited bj Sir J. 
Boss in 1832, in his Toyage of Arctic discovery. The south magnetic pole is 
situated in the antarctic continent, and has been approached within 170 miles. 
• If the ordinary compass be carried to either 

If a compasf *' *■ 

needle be oar- of the magnetic poles, it will lose its power 
netic pole what and point mditierently in any dircction. If it 
is carried beyond the magnetic pole, to any 
point between it and the true pole, the poles of the needle 
become reversed, the end called the north pole pointing to 
the south, and the south to the north. 

R d fch '^^^ position assumed by the dipping needle varies in di^ 

position of the ferent latitudes. If it were carried directly to the north mag- 
dipping needle jj^^q ^Iq^ j^s south pole would be attracted downward, and 
the needle would stand perfectly upright. At the south mag- 
netic pole, its position would be exactly reversed.* If the dipping needle bo 
taken to the equator of the earth, or to a point midway between the north 
and south magnetic poles, it will, be attracted equally by both, and will re- 
main perfectly horizontal, or cease to dip at 
all : as we go north or south, however, it dips 
more and more, until at the magnetic poles, 
as before stated, it becomes perpendicular-^ 
the end which was uppermost at the north 
being the lowest at the south.f 

Fig. 357 represents the position assumed 
by the magnetic needle in various latitudes. 
The magnetic poles of the earth are not 
stationary, but change their position grad- 
ually during long intervals of time. 

Observations on the temperature of the 
earth have afforded some reason for believ- 

♦ Lflce the declination and dip, the Intensity of the earth's magnetism varifli 
rery much in different parU of the earth ; at the magnetic equator befaig the raost feeble, 
and gradually increasing as we approaah the poles. Theintensity of terrestrial magnetism 
in diflferent places may be measured by the number of ▼ibrations made by a magnetic 
naedle in a ^yen time. 

t As the directive tendency of the horizontal needle arises from its poles being attracted 
by those of the earth, it is evidmt from the rotundity of the earth, that its poles will not 
be attracted by those of the earth horizontally, but downward, so that the needle can not 
tend to be horizontal, except when it is acted upon by both poles equaUy-that is, when 
midway between them. When nearer the north magnetic pole than the south, its north 
end must be attracted downward, and the contrary when it is nearest the south pole. 
Accordingly, a needle which was accurately balanced on its support before being mag- 
netized, will no longer balance itself when magnetized, but in this country ite north pole 
win appear to dip, or appear to be the heavier end. This circumstance has to be corrected 
in ships' compasses by a small sliding weight attached to the southern half, which weight 
has to be removed on approaching the equator, and shifted to the other side of the needle 
vhen in the northern hemisphere. 
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ing, that the pointB upon the earth's soi&oe where the greatest degree of ooM 
is experienced, or where the yearly mean of the thermometer is lowest 
oomcides with the location of the magnetic poles 

wb*t ii the ^01* Beside the variation from the true 
ttJ?°*rf^*tiJi north and south, the magnetic needle is sub- 
"••^' ject to a diurnal variation. This movement, 

or variation, commences about seven in the morning, when 
the north end of the needle begins to deviate toward the 
west ; it reaches its maximum deviation about two o'clock 
in the afternoon, when it begins to return slowly to its 
original position. 

The magnetic needle is subject also to an annual moyement^ and a moye- 
ment different in the winter months from that noticed in the summer month& 

What is th« The daily, monthly, and yearly variations 
Sf thl^jSkSSi ^^ *^® needle are supposed to be occasioned by 
SJ*S^er**' variations in the temperature of the earth's 
surface, depending upon the changes in the 
position and action of the sun. 

Observations made for a great number of years seem to show that the en- 
tire magnetic condition of the earth is subject to a periodical change, but 
neither the cause or the laws of this change are as yet understood. 

For most practical operations, as in navigation and sur- 
veying, the deviation of the magnetic needle from the true 
north and south, is carefully taken into account, and a rule 
of corrections applied. A knowledge of the amount of vari- 
ation, east or west, for different localities upon the earth's 
surface, may be obtained from tables accuratel} arranged 
for this purpose. 

The variation of the magnetic needle from Ha^ true north and south, is said 
tc have been first noticed by Columbus in his Irst voyage of discovery. It 
was also observed by his sailors, who were alarmed at the fact, and urged it 
as a reason why he should turn back. 

When was the ^he compass is claimed to have been dis- 
S^dV ^^ covered by the Chinese : it wat^, however, 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone fixed to a cork, which 
floated on the surface of water. 

«02. The resemblance between magnetism and elcx^irlcity is very striking^ 
and there are good reasons for believing that both are but modifications of 
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one force. Both are supposed to consist of two fluids, which repel their own 
kind, and attract the opposite. The fluid in both cases is supposed to reside 
upon the surfiice of bodies; the laws of induction in both are the same ; and 
each can be made to ezdte or develop the other. 



CHAPTER XIX. 



What efTeet is 
produced when 
a magnetic nee- 
^e la brought 
near a conduct- 
ing wire? 



ELEOTRC T^AGNETISM. 

What ia Eiec- 803. Magnetism aeYeloped through the 
tro-magnetiamr agency of clectrical or chemical action, is 
termed Electro-magnetism. 

Among the earliest phenomena observed which indicated a connection be- 
tween n^jagnetism and electricity, it was noticed that ships' compasses have 
their directive power impaired by lightning, and that sewing-needles are ren- 
dered magnetic hy electric discharges passed through them. 

In 1820, a discovery was made by Professor Oersted of 
Denmark, which established beyond a doubt the connection 
of electricity and magnetism. He ascertained that a mag- 
netic needle brought near to a wire, through which an electric 
current was circulating, was compelled to change its natural 
direction, and that the new direction it assumed was determined by its position in 
relation to the wire and to the du-ection of the current transmitted along the wire. 
Further experiments developed the following law i- — 

In what direc- Electrfc ciUTents excrt a magnetic influence 
cu?rentfS2? »* "g^t anglcs with the direction of their flow, 
theiriafluence? ^^jj^j whcu thcj act upou a magnetic needle 
Fig. 358. they tend to cause the needle 

B ^ ' ■ '*"'" — A. to assume a position at right 

angles to the direction of the 

current. 

Thus, suppose an electric current to 
pass on the wire A B, Mg. 358, in the 
direction of the arrow ; suppose a mag- 
netic needle, N S, to be placed directly 
under the wire and parallel to it By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move from its north and south posi- 
tion and turn round, and if the current 
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is Boffidently strong, it will place itself at right ang^ with the wire^ as is 
represented in the flgme. 

If the ounent, however, had passed in the same directbn below the needle^ 
instead of above it as in* the first instance, the deflection ot the needle would 
have taken place as befon*, but in an opposite direction, the pole S standing 
where the pole N did previously, and N also in the place of S. 

In like manner, if the needle be placed by the side of the wire, alikeefifect 
will be produced; on one side it dips down, and on the other it rises up; and 
in whatever other position the needle may be 
Eia. 369. placed, it will always tend to set itself at right 

%J^ % angles to the current If the wire be bent in 

I w^«= ;; si the form of a rectangle, as is represented in Fig. 

" 359, so as to carry the current around the 

needle, above and below it in opposite direc- 
tions^ the opposite currents, instead of neu- 
tralizing, wjll assist each other, and the needle 
win move in accordance with the first direction of the current 

If the wire, instead of making a single turn, is bent many times around the 
needle, the magnetic force excited by the current of electricity traversing the 
wire, will be greatly increased, the increase being, within certain limits, pro- 
portional to the number of turns of the wire. 

It is upon this principle that an instrument called the Gal^ 

Oalvanometer. manometer, for measuring the quantity of an electric current, 

is constructed. It consists of a rectangular coU of copper 




FiO. 360. 




Fia~ 361. 



wire, N B S, Fig. 360, containing about 20 
convolutions, the separate coils being insulat- 
ed by winding the wire with silk thread. A 
magnetic needle, supported on a pivot^ is 
placed in the center of the coil, and a gradu- 
ated circle is fixed below it to measure the 

amount of the deflection ; the two ends of the wire connect with two cnps^ 

and Z, which contdn mercury, and into which the polos of the battecy 

transmitting the current dip. 

In this form of the instrument 

^cN^tr thetransmittedcurrentisobUged 
to contend with the influence of 

the earth's magnetism, which tends to hold the 

needle in its origincd position, and unless the 

former is more powerful than the latter, the 

needle is not moved. This difficulty has been 

overcome by means of an arrangement called 

the AHatic Needle. This consists essentially of 

two needles &stened together, one above the 

other, but with their poles in opposite direc- 
tions, as is represented in Fig. 361. In this 

way the influence of the earth is almost entirely 

emoved, and the Ibroe of the transmitted current is rendered more eflRdctivei 
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Fia. 362. 



Bj means of the galyanometer, the most feeble traces of electricity can be 
detected; and electric currents which would &il to. influence the most sensi- 
tive gold leaf electrometer can be made to afifect perceptibly the magnetio 
needle. Gkdvanometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
ner^dSe8"*»n forccs in natuFC, exerts its magnetic force lat- 
Ixert itTSS- erally ; all other forces exerted between two 
iietic«)roe? points act in the direction of a straight line 
connecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic pole is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, but it tends to revolve about it. 
By the application of these &cts, it has been discovered that rotatory move- 
ments can be produced by magnets around conducting wires, and conversely, 
that conducting wires can be made to rotate around magnets. 

The rotation of the pole of a magnet around a fixed conducting 
wire may be shown by a piece of apparatus represented by Fig. 
362. A small magnet, N, is fixed to the lower part of a vessel, 
V, by means of a silk thread ; the vessel is filled with mercury 
nearly to the top of the magnet; G- is a conductmg wire dipping into 
the mercury, and Z is another conductor communicating with the 
mercury at the bottom of the vessel Now, when the electric 
current is established, by connecting the extremities of the wires 
and Z with the opposite poles of the battery, the pole N of the 
magnet revolves round the conducting wire 0. If the current is 
descending, that is, if G be connected with the positive pole of 
the battery, and if N be a north pole, its motion round the wire will be di- 
rect, that is, in the direction of the hands of a watch; and 
so on, vice versa, 

A different arrangement, by which a movable wire tra- 
versed by a current, may be made to revolve around the 
pole of a fixed magnet, is represented by Pig. 363. A wire, 
A B, is suspended from the wire C by a loop, and dips into 
the mercury in a vessel, Y ; when the circuit is established, 
by connecting and N with the respective poles of the 
battery, the conducting wire revolves around the pole N 
of the magnet. 

If the current be descending, and N be the north pde of 
the magnet, the rotation will be direct. 

On similar principles, various kinds of reciprocating and rotatory movements 
may be produced. 
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Whftt Is aa 
Electro-mag- 
nefcf 

What is a 
Hdix? 



In what mah- 805. If a piece of soft iron, entirely wanting 
Seetri^rre^ in magnetism, be placed within a coil of wire 
55e"*miSiS through which an electric current is circulat- 
*™' ing, it will be rendered intensely magnetic, so 

long as the current continues ; but the moment the cur- 
rent ceases, the iron loses its magnetism. 

Magnets formed in this way, through the 
agency of electricity, are called Electro-mag- 
nets, and are more powerful than any others. 
The coil, or spiral line of wire used for excit- 
ing magnetism in the iron by conducting a 
current of electricity about it, is called a Helix. 

Fio 364. ^^ ^ UERiallj made of copper wire, coated with 

B ' o aome non-oondocting substance, such as silk wuuud 

■■■■■■jHHft round it The ochIs of the wire are generally re- 

'■^^^^^B^^ peated one over the other, until the size of the Lelix 

I I is sufficient, since the magnetic action of an electrio 

II current upon a bar of iron increases to a certain ex- 
^ ■ " ^ tent with the number of revolufcions it performs about 

it Fig. 3C4 represents the appearance of a hells. 

It is necessary for the induction of magnetism in iron 
bars by electricity, that the current should flow at right 
angles to the axis of the bars. 

What deter- ^^ ^^^ ^^^ ^® stcel, the magnctism thus in- 
Sf "2*d«SJ^ duced will be permanent ; and the direction in 
magnet? which thc currcut moves round the helix de- 

termines which of its extremities shall constitute its north, 
and which its south pole. 

When the cuiront-circulates in the directba of the hands 
of a watch, the north pole of the bar will be at the farthest 
end of the helix. 

If a bar of soft iron, bent in the form of a horse shoe mag- 
net, be wound with insulated wire, as is represented in Pig. 
365, and a current of electricity transmitted through it, it 
becomes a most powerful magnet 

Electro-magnets of this character have been formed capa- 
ble of supporting more than a ton weight The magnetic 
power thus developed is wholly dependent upon the ex- 
istence of the current, and the moment it ceases the weights 
&11 away by the action of gravity. 



PlO. 365. 
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Has dectro- 
magnetic force 
been applied 
to any prac- 
tical purpose 
for propelling 
machinery? 



Tia. 366. ^ *^o Bemidrcalar rings of soft iron be passed within a 

helical ring, as is represented in Fig. 366, they will beoome bo 
strongly magnetic on passing the corrent of even a small 
battery, as to be separated with extreme difficulty. A rod 
of iron brought near to one of the extremities of a longitudinal 
helix, is not only attracted but lifted up into the center of the 
coil, where it remains suspended without contact or yisiblfli 
support) so long as the current continues in action. If the 
batteiy and heUx be of sufficient size, a considerable weight 
may be suspended. In some experiments at the Smithsonian 
Institution at Washington, a few years since, a bar of iron 
weighing 80 pounds was raised and suspended in the air with- 
tot being hi contact with any body. 

806. Many attempts have been made to 
take advantage of the enormous force gener- 
ated and destroyed, in an instant, by making 
or breaking an electric current, for propelling 
machinery, but thus far all efforts have &iled 

to produce any practical results. 

One of the reasons why this power can not be used to advantage is, that 
the rate at which the power diminishes as we recede from the contact point 
of the magnets, prevents our obtaining the full force of the magnets. Thus, 
a magnet whose force in contact would be sufficient to raise 250 pounds, 
would exert a force of only 90 pounds at the distance of l-250th of an mch, 
and of only 40 pounds at the distance of l-60th of an inch. It is also found 
that notwithstanding the. loss of power with distance, a still greater loss takes • 
place with motion. The moment any magnetic body is moved in front of. 
either a permanent or an electro-magnot, it loses power, and this loss increases 
very rapidly with the increase of velocity. This obstacle stopped the prog^ 
less of the very extensive researches of Professor Jacobi, after he had ex- 
pended upward of $120,000 granted him for his experiments by the liber- 
ality of the Russian government. 

807. The construction of the Morse magi 
netic telegraph depends upon the principle, 
that a current of electricity circulating about 
a bar of soft iron temporarily renders it a 

magnet. 

The construction and method of operating the Morse telegraph may be 
clearly understood by reference to Fig. 367. P and E are pieces of soft iron 
surrounded by coils of wire, which are connected at a and b with wires pro- 
ceeding fh>m a galvanic battery. When a current is transmitted from a bat- 
tery located one, two, or three hundred mUes distant, as the case may be, it 

10 



Upon what 
does the con- 
struction of the 
Hone tele- 
graph dq>end? 
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pasBes along the wires, and throngh the coils* sniroonding the pieces of soft 
iron, F and E, thereby converting them intp magnets. Above these pieces 
of soft iron is a metallic bar, or lever, A, supported in its enter, and having 
at one end the arm, D, and at the other a small steel poii.t, o. A ribbon of 
paper, p h^ rolled on the cylinder, B, is drawn slowly and steadily ofif by a 
train of clock-work, K, moved by the action of the weight, P, on the cord, G. 
This clock-work gives motion to twi* metal rollers, G and H, between which 
the ribbon of paper passes, and which, turning in (^poeite directions, draw 
the paper fh)m the cylinder B. The roller H has a groove around its circum- 
fcrence (not represented in the engraving), above which the paper passes. 
The steel point o of the lever A is also directly opposite this groove. The 
spring, r, prevents the point from resting upon the paper when the telegraph 
is not m operation. 

Fia. 367. 

a 




The manner in which intelligence is communicated by these arrangements 
IB as follows : The pieces of soft iron, P and B, being rendered magnetic by 
the passage of a current of electricity transmi'ted from the battery through the 
coils of wire surrounding them, attract the metal arm D of the lever A. The 
end of the lever at D being depressed, the steel point o at the other extremity 
is elevated and caused to press against the paper ribbon and indent it When 
the current from the battery is broken or interrupted, the pieces of soft iron 
P and E being no longer magnetic, cease to attract the arm D. The lever 
A is therefore drawn back to its former position by the action of the spring r, 
and the steel point o ceases to indent the paper. By letting the current flow 

• These coils consist of very fine copper wire, some thousands of feet being gener- 
ally contained in them. In this way a magnet of small size and great power may be 
obtained. 
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rocmd the magnet for a longer or shorter time a dot or a line is made^ and 
the telegraphic alphabet consists of a series of such marks.* 

Grove's battery (see Fig. 340) is generally used for working the telegraph, 
about thirty cups being required for a distance of 150 miles. These cups 
.may be kept in one compact space, but operate the telegraph more success- 
fully when distributed along the line. Sucdi batteries will work for about two 
weeks without replenishing. 

Formerly two wires were required in telegraphing; one 
▼ires are nee- conveyed the current from the battery to the electro-magnel^ 
wo'Sfng £e at a distance, through Which it passed, and then returned by 
tetegnpb? another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself might be 
made to perform the function of the returning wire. To effect this all that is 
necessary is that one short wire from the battery at one end of » line, and 
^m the electro-magnet -at the other end, should be sunk into th? moist 

earth, and there connected with a 
mass of conducting metal, fix>m 
which the electricity passes to 
complete the closed circuit 

For interrupting the 
current and regulating 
the system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, Fig. 868, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pressing down the knob with the 
finger, closes the circuit and allows the current to pass, but 
« when the pressure is removed communication is interrupted 

* The folloiriTig table ezhildte the signa employed to represent letters in the If one 
system of telegraphing; 




ALPHABET. 

a 

h 

C-- - 

e- 

i 



0- - 

p 

q 

r- -- 

8 

t 

u 

W-— 

as 

y 

z 

«fc- 



NUHERAIiS. 

4I1 — I 

8 1" 

z^ 



Experienced operators are often able to understand the message merely from the sounds^ 
or dtekSi of the lever. 
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What is um 808. In what is known as the " Bain/' or 
Sr*^toSkii chemical telegraph, there is no magnet created, 
*•'•«"''*' but a small steel wire, connected with the 
wire from the line, presses upon a roll of paper, moved 
by clock-work. This paper, before being coiled on the 
roller, has been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the })aper, we can stain it, as it were, in dots and 
lines in the same manner as the last instrument em- 
bossed it in dots and lines. 

809. The House's, or printing telegraph, 
priiting tde. differs from the others principally in an ar- 
*"' rangement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. * 

What wBs the 810. The method first proposed for com- 
J3^^*"J5JJ municating intelligence by electricity was by 
^~***' deflecting a compass needle by causing a cur- 

rent to pass along its length. 

Thus, if at a given point we place a galvanic battery, and at a hundred 
miles from it there is fixed a compass needle, between a wire bronght from, 
and another returning to the battery, the ^eedle will remain true to its polar 
dirootion so long as tbe wires are free from the excited batteiy; but the mo- 
ment connection is made^ the needle is thrown at right angles to the direc- 
tion of the cuirenl The motion of the needle may thus be made to convey 
intelligence. 

It is necessary, in oonTeying the wires frx>m point to point, to suf^rt them 
on the poles by glass or earthen cyUnders, in order to insure insulaticm, 
otherwise the electricity would pass down a damp pole to the earth, and be 

lost 

^^ 811. The idea that many persons have, that some substance 

dpie OT^£fln- passes along the telegraphic wires when intelligence is tnms- 
S*'^SrS*'h°* mitted, is wholly erroneous; the word current^ as something 
ft meangv to flowing, expresses a frdse idea^ but we have no other term to 
eommoDioafeedf express electrical progression. We may, however, gain some 
idea of what really takes place, and of the nature of the influence transmitted, 
by remembering that the earth and all substances aie reservoirs of electricity; 
and if we disturb this electricity at any given point, as at Washington, itspulsa* 
tions may be folt at New York. Suppose the telegraphic wire a tube extend* 
ing from Washington to New York perfectly filled with water; now, if one 
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diop more is forced into the tabe at Washiiigton, a drop must &J1 out at 
New York, but no drop is caused to pass from Washington to New York. 
Something like this occurs in the transmission of electridty. 

electricity ^^^' Electricity, through an electro-mag-^ 

be raade to nctic arrangement, can be made available for 

the measurement of time, and by its agency a 

great number of clocks can be kept in a state of UDiibrm 

correctness. 

The plan by which this is accomplished is substantially as follows: — ^A bat* 
teiy being connected with a principal clock, which is itself connected by 
means of wires with any number of clocks arranged at a distance from each 
other, has the current regularly and continually broken by the beating of the 
pendulum. This intemiptaon is also experienced by all the clodra included 
in the circuit; and m accordance with this breaking abd making of contact^ 
the indicators or hands of the dock more over the dial at a constantly uniform 
rate. 

813. The fundamental law of action in fKctional electricity 
Mtfon of elTO? ^ *^** bodies charged with like electricities at rest repel, and 
tricai currents with unlike, attract each other. With electricity in motion 
o^w? ^® <^<^^ is somewhat diflforent^ since currents of the same 

electricity moving in the same du^ction attract each other. 
The general law of this action may be stated as follows : 

wiat is the ^^ electric currents flow in wires parallel to 
gmerai law of each othcr, aud have freedom of motion, the 
wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite directions, 
they repel each other : or, like currents attrabt, and un-» 
like repeL 

Hoirmayshe- 814. When the wires connecting the positive 
Sd hSoT^^ and negative poles of a galvanic battery in ac- 
netic needier ^[^j^ ^rc coilcd iu the form of a helix, the helix 
becomes possessed of mi^netic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north -and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying carrents are presented to each ofiier, they attract 
and repel, precisely as if they were magnets, according as like or unlike polAS 
are brought together. And, in short, all the properties of the magnetic need!* 
may be imitated by a htlix carrymg a current 
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_. . . . 816. From these, and other like phenomena^ M. Ampere 

pere'i theorr has propounded a theory- which acoomits for neariy all the 
of magnettmr phenomena of terrestrial magnetism. 

He supposes that all magnetic phenomena are the result of the circulation 
of eJectricad currenta Every molecule of a magnet is considered to be sui^ 
rounded with an atmosphere of electricity, which is constantly circulating 
around it, the difference between a magnet and a mere bar of iron being, that 
tiie electricity which exists equally in the iron, is at rest, whereas in the mag- 
net it is in motion. The direction of these currents circulating in a magnal 
is dependent upon the position in which the magnet is held. If the opposite 
or unlike poles of two magnets be placed end to end, the electric currents of 
each will be found running the same way, and as currents moving in the same 
direction attract each other, the two poles will tend to come together. On 
the contrary, if the ends of like poles be presented, the course of the currents 
traversing each will be in opposite directions, and a repulsion will result 

A magnetic needle tends to arrange itself 
at right angles with a wire transmitting an 
electric current, in order to bring the numer- 
ous currents circulating around its particles 
parallel with that of the wire. 

The magnetism of the earth is also explsdned by this theory 
on the same principles. If we take a ipetal ring and warm 
it at one point only by a spirit-lamp, no electrical effect mi- 
Bues ; but if the lamp is moved an electric current runs round 
the ring in the direction the lamp has taken. In a like man- 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heats in turn successive portions of its surfetce. 
They flow round it from east to west in a direction at right angles with a line 
joining the magnetic polea A magnetic needle, therefore, points north and 
south, because that position is the one in which the electric currents in it are 



Why does a 
magDetic nee- 
dle tend to ar- 
- range itself at 
right an^es to 
acorrent? 



How is the 
magnetism of 
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plained by this 
theory? 



Fia. 369. 




parallel to those of the earth, and 
this is the position, as has just 
been explained, that electric cur- 
rents tend always to assume. 

Fig. 369 represents an artificial 
globe, surrounded by a coil of in- 
sulated wire, surmounted by A 
magnetic needle. The needle wUl 
always point to the north pole of 
the globe, on transmittmg the bat- 
tery current. 

The dip of the needle may be 
also readily accounted for in the 
same manner. At the polar re- 
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gioDS it dips vertically down in order that its currents may be parsillel with 
those of the earth ; for in those regions the sun performs his daily motion in 
circles i»iallel to the horizon. At the equator, the course of the sun is 
nearly at right angles to the horizon, and the needle maintAJns a horizontal 
position. 

What is Mag- 816* As an electric current passing round 
neto-eiectricity? ^^xe exterfor of a bar of soft iron induces mag- 
netism in it, so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it. 

Electricity thus produced by the agency of a magnet is 
called Magneto-electricity. 

This may be shown by introducing one of the 
poles of a powerful bar magnet within a helix of 
fine insulated wire (see Fig. 3T0), the ends of 
which are connected with a delicate galvan- 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current every time the 
magnet enters or leaves the coil— the direction 
of the current changing with the poles entered. 
The same results will be obtained, if instead 
of introducing and removing a permanent steel 
magnet,* we continually change the polarity of a 
Bofl; iron bar. Thus, in Fig. 371, let a 6 be a bar 
of soft iron surrounding a helix, and N E S a 
horse-shoe magnet so arranged that it can revolve 
freely on a pivot at c, the poles in their revolution just passing by tiie termina- 
tions of the bar a 6. On causing the magnet to re- 
volve, the polarity of the bar a 6 will be reversed 
with every half revolution the magnet makes, and 
this reversal of polarity will generate electric cur- 
rents in the wire. 

To instruments constructed on 
these principles the name of mag- 
neto-electric machines is given. 
c«n<meeiec 817. Whenever an 

SwSa?' electric current flows 

througha wire it excites another current in an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
On stopping the primary current, induction again takes 
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place in the seoondarj wire ; bat the current now arising 
has the same direction as the primary one. 

The passage of an electrical current, therefore, develops other currents iu 
its neighborhood, which flow in the opposite direction as the pHmary one 
first acts, but in the same direction as it ceases. Whenever a magnet, also^ 
is moved in the neighborhood of a oonducting wire, these currentB are' also 
induced. 

818. Magneto-electrio machines, arranged for developing 
electricity by the reaction of a magnet, are constructed in a 
great variety of forms. In some, permanent steel magnets are 
used ; in others, temporary soft iron ones, brought into ac- 
tivity by a galvanic current A common form of magneto- 
electric machine is represented in Fig. 372. 

It consists of a compound horse- 
shoe magnet, S, 1% 372, bolted 
to a mahogany stand, arranged in 
such a manner that an electro- 
magnet, or armature, A B, mount- 
ed on an axis^ revolves in fixint of 
its poles, by turning a multiplying 
wheel, W. This ^ectro-magnet, 
or armature, consists of two cores 
of soft iron wound about with fine 
insulated copper wire. The ends 
of the wire in these coils are kept 
by means of springs, 
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against a good conducting'metal plate, which in turn is connected by wires 
with the screw-caps at the end of the base board. When the iron cores, or 
axes of the coils are in fit)nt of the poles of the magnet, they become mag- 
netic by inductioa This sets in motion the natural electricity of the coil, or 
helices, which flows in a certain direction, and is conveyed through tho 
springs and wires to the screw-caps. 

If the armature be turned half round, the magnetism of the iron ia reversed, 
and a second current is excited in the opposite direction. 

* By turning the armature very rapidly, a constant current 
passes through the wires, and by connecting a small piece of 
platinum wire in the circuit, it is rapidly rendered red hot. 
By conveying connecting wires from the magneto-electric 
machine into acidulated water, its decomposition is effected; 
and many chemical compounds may in like manner be resolved into their 
ultimate constituents : machines also of this character may be used for electro- 
plating. 

The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the screw-caps of the machine are grasped 
by the handJa, slighUy moistened, and the armature is made to revolve rap- 
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idly, the muscles are closed so firmly, that the handles can not be dropped, 
and most powerful 'Convulsive shocks are sent through the arms and body. 

What isadu- 819. It has been demonstrated by Professor 
BugMtiebodyf Faraday that bodies, not in themselves mag- 
netic, may, when placed uader certain physical conditions, 
be tepelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic, and the phe- 
nomena developed have received the general name of dia- 
xnagnetism. 

Bodies that are magnetic are attracted by the poles of 
a nfikgnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetism as a repelling one. 

Thus, if a bar of iron is suspended tee to move 4i ^iq, 373. 

any direction, between the poles^ N S, of a magnet, ^ ' ^ 

Fig. 373, the bar will arrange itself along a line 
which will unite the two poles ; it places itself in the i 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic dass is placed 
Fio 374. ^ *^® ^"® situation— as, for example, a bar of bis- 

• muth— between the poles, N S, Fig. 374, it places it- 

^^ I ^^ self across, or^tt right angles to the axial line, or the 
^^^ I ^^ft line offeree. 
^^ B ^^ Every substance in nature is hi one or the other of 

" theq^ conditiona "It is a curious sight," says Dr. 

Faraday, " to see a piece of wood, or of bee^ or an apple, or a bottle of water 
repelled by a magnet ; or taking the leaf of a tree, and hanging it up between 
the pdeS) to observe it taking an equatorial position." 
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luKRiuinOK, spherical, what is, 829 
Abutment, what is an, 120 
Acoustics, 188 

Acoustic figures, wliat are, 189 
Actinism, what is, 343, S4A 
Action and Reaction, 66 , 

illustrations of, 66 
laws of; 66 
Action, voltaic, how interrupted and re- 
. newed, 409 
Adhesion defined, 29 
what is, 26 
Aeriform bodies, how ezertpressore, 174 
Aerolites, constitution of, 289 

what are, 288 
Affinity defined, 26 
Aim, philosophy of taking, 296 
Air, compressibility of, 164 

capacity of, for moisture, 268 » 

constituents of, 163 

density of, 165 

elasticity of, 166 

fresh, how much required for a healthy 

man, 261 
heated, why rises, 261 
how heated, 218 
in spring, why chilly, 246 
in water, 180 
inertia of, 164 
momentum of, 187 

illustrations of, 187 
not necessary for the produetlon of 

sound, 191 
weight of, 163 
when rarefied, 166 
when said to be saturated, 268 
why unwholesome after having been 

respired, 260 
pump, construction of, 176, 177 
Alphabet, telegraphic, 436 
Anemometer, 282 
Angle, defined, 71 

of incidence and reflection, 71 
Animals foretell changes in weather, 292 
Annealing described, 27 
Aqueducts, construction of, 134 
Arch, base of, 120 

springing of, 120 
strength of, 120 
what is an, 120 

why stronger than a horizontal struct- 
ure, 120 



Archimedes, experiment with the crown, 44 

screw of, 169 
Architrave, 121 
Architecture, 119 

orders in, 120 

origin of different elylM of, 
119 
Armature of a magnet, 423 
Artillery, effective distance of^ 77 
Artesian wells, 136 
Astatic needle, what is an, 430 
Atmosphere, composition of, 163 

effect of, on diffusion of light, 

302 
how heated, 226 
pressure of, 168 
supposed height of, 173 
what is, 163 
Atmospheric electricity, 891 

pressure, effects of, 174, 176 
how sustained, 179 
refraction, 314 
Atom, what is an, 13 

Attraction at insensible distances illustrat- 
ed, 22 
cohesive, 26 

how varies, 26 
illustration of simple, 18 
molecular, four kinds of, 24 
mutual, illustrations of, 80 
wliat is, 17 
Aurora borealis, cause of, 896 

no influence on the weather, 291 
Auroras, not local, 397 

peculiarities of, 397 
Avoirdupois weight, 34 
Axis of a body, what is an, 82 



B 



Balusters, 121 

Balance, ordinary, described, 97 

torsion, 882 

when indicates false weights, 98 
Ballast, use of, in vessels, 139 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

what are, 186 
Balloon, why arises, 43 
Barker's mill, 157 
Barometer, how invented, 169-171 
how constructed, 171 
aneroid, 172 
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Buttntee, fhermo-« 



401 



417 



aaTeiiie,401 

Qrore*! galTeoie, oomtraotioD ot, 

406 
lmperleelkMMor,407 
lumiiioiie eflbete ni, 410 
Bmee*i gelTUiie, 406 
mlphate of eopper, 406 
trough, described, 406 
^ rentjmjnler, sfcreogih of, 116 
bent in the middle, why llaMa to 

break, 119 
or bar, when the strongeet, 116 
BeDowa, hydroetatie, 1:2» 
Bella, electrical, 386 
Belts, motion oommonieated by, 101 
BOUardo, principles of the game of, 7S 
Blanlut, utlUtv of the nap of, 819 
Blower, use of, 262 

Boata, life, how prerented tnm sinking, 147 

Bodies, form of; how dependent on heat, 828 

form of, how changed by centrlfki* 

gal fbroe, 88 
fiOling, laws of, 96 

force and velocity depend on 
what, 64 
lighter than water, spedfio gravity, 

how determined, w 
Bon-tumlnooB, when rendered visi- 
ble, 801 
when heavy and lig^t, 83 
when transparent, 294 
when lamlnons, 294- 
when appear white, 301 
when solid, liquid, or gaseous, 84 
when float in air, 186 
Body, what Is a, 11 

when called hot, 806 

size of, how afiGaets its strength, 116 

when stands most firmly, 60 

when rolls, and when slides down a 

slope, 61 
where will have no weight, S3 
BoHlng-point, depends on what, 241 

influence of atmospheric pres- 
sure on, 842 
Boiler-flne, 868 

Boilers, steam, how eonstnicted, 886 
essentials of, 267 
locomotive, how constructed, 868 
Bones of men and animals, why cylindri- 
cal, 118 
Boxes of a pump, 181 
Breath, why visible in winter, 8T4 
Breathing, mechanical operation of^ 181 
Breezes, land and sea, 284 
Bridge, Britannia tubular, 118, 119 
Brittleness, what is, 27 
Bubble, soap, why rises in the air, 48 
Buckets of wheels, 166 
Building, strength of a, on what depends, 119 
Buildings, how warmed and ventilated, 860 
Buoyancy, what is,' 138 



Calorie, what Is, 806 
Camera obscura, 347 

portoble,860 
Canals, how constructed, 187 

locks in, 137 
Cannon bnrstii^ by firing, 88 

varieties of, 77 
Capillary Attraction, 26, 148 

iUustiated, 143 
Capstan, coostmetion of, 100 
Car aziea, why liable to break, 88 
Carriage, high, liable to be overtomed, 60 
Cask, tight, Uqulds wiU not flow from, 179 
Catoptrics, 818 
Cellars, cool in summer, warm in winter, 

why, 820 
Center of gravity in irregnlsr bodies how 
fbmid, 48 
when at rast, 46 
in what three ways sin- 
ported, 47 
Centripetal Force, 79 
Champagne, why sparkles, 181 
Charcoal marks, why stick to a wall, 86 

why black, 801 
Chemistry, definition of; 9 
Children, why difficult to learn to walk, 81 
Chimney, draught of; 868 

how constructed, 868 
' how quickens ascent of hot air, 
868 
Chimneys, when smoke, 868 
Chord in moric, 196 
Chain-pump, conrtroslfam of; 160 
CUmate, what 10,^967 
Olreuit, gatvMle, 401 
Clock, common, described, 68 
water, principle of, 161 
Clocks, why go fkster in winter than in sunk 

mer, 60 
Clothing, when warm and when oool, 880 
Clouds, average height of; 874 
clrrup, ?76 
cumulus, 276 
how differ from fog, 878 
how formed, 874 
nimbus, 277 
stratus, 277 
variety of, 275 
what are, 873 

why appear red at sunset, 837 
why float in the atmosphere, 874 
Cosls, mechanic&l force of, 861 
Coal, equivalent to active power of man, 961 
Gogs on wheels, 101 
Cohesloa defined, 86 
Cold, greatest artificial, 811 
natural, 811 
what is, 806 
Color and music, analogy between, 888 
Color, no effect on radiation of heat, 883 

origin of, 386 
Colors, complementary, SSI 

dark, absorb any heat, 885 

how aflect their relative aj^earanee. 

888 
of natural objeets on what depflod^ 

830 
Blm])le, what are, 889 
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what is a, 181 
Compass, inariner*s, 434 

ordinanr, 424 

when duoovered, 43^ 
Compressibiliky, what is, Id 
Ck>ncord in music, 196 • 
Condensation, what is, 288 
Condaetion of heat, 210 
Convection of heat, 216 
Cordage, strength of, on what depends, 118 
Cork, why floats upon water, 48 
Cornea, what is the, 849 
C>alomb*s torsion balance, 882 
Countries deitilate of rain, 279 
Coughing, sound of, how produced, 284 
Crsaos, what are, lOft 
Crank defined, 110 
Cream, why rises upon milk, 14T 
Crying,- what is, 20(> 
Cupping, operation and principle ot, 175 
Curr«ntB, eleetrie, how exert their influence, 

429 
Cylinders, strength of, 118 



Dagnerreotjrpes, how formed, 845 

Dead point explained, 112 

ITeclination of needle, 426 

Density, what is, 16 

Derrick, what is a, 106 

Dew, circumstances tliat infiuenee the pro- 
duction of, 271 
does not fUl, 271 

phenomena and production of, 270 
when deposited most freely, 271 

Dew-drop, winr gloholar, 80 

Dew-point, 270 

not constant, 270 

Diamagnetic phenomena, 441 

Diamagnetism, 441 

Dioptics, 318 

Direction, Une of, 48 

Discord in music, 196 

Distillation, 242 

DiTisibiUty, 13 

Doyetafflng, what is, 117, 118 

Drainage, principles of, 162 

Draught of chimney, 868 

Dresses, black, optical effect of; 388 

Drops, prescription of medicine by, umafe, 
29 

Ductflity, what is, 26 

Dust, how we free our clothes of by agita- 
tion, 20 

Dynamometer described, 80 



Ear, construetlan of, 201, 202 
Earth, bodies upon, why not rush together, 
80 
cause of present form of, 83 
centripetal force at equator of, 83 
how proved to be in motion, 84 
the pnysical features of; how affect 

wfaids,282 
the reservoir of eleetridty, 876 



Earth, telMmphie commnnieatfam throngh. 

Earth's attraction, Uw of; 88 

Ebullition, what is, 241 

Echo, conditioas for the production ef; 198 

what is, 197 
Echoes, when multiplied, 198 

where most frequent, 198 
Egg-shell, application of the principle of the 

arohin,l»5^ 
Elastic bodies, results of collision ot 68 
Elasticity defined, 22 
Ed, electrical, 891 
Electric attraction, 870 

currents, how exert their inflnenosL 

429 
fluid non-huninons, 88T 
li|^t,410 
repulsion, 870 
■hock, 388 

q^k, duration of; 888 
Eleetricsl battery, 884 
induction, 877 
machines, 878 
Electricity a sounse of heat, 218 
atmospheric, 891 
conductors and non-condneton 

of, 273 
Du Fay*s theory of, 271 
FrankUn*s theory of, 271 
effect of on a conductor, 886 
esn^iments of Franklin with, 

frictional, distinctive character 

of, 407 
galvanic, how excited, 401 

how differs from ordi- 

narv, 800 
bow discovered, 898 
quantity of, what is, 

408 
theory of, 402 
intensity of, what ia 

406 
what is, 898 
how evolves heat, 409 
how excited, 860 
how exerts a magnetic force, 481 
influence on the form of bodies 

376 
kinds of, 370 
magneto, 437, 438 
of vital action, 391 
positive and negative, 278 
quantity necessary for decompc 

sition, 412 
real character of unknown, 408 
secondary currents, 487 
thermo, what is, 416 
velocity of, how determined, 889 
what is, 869 

where resides in bodies, 875 
Electro-magnetism, 429 

magnets, how formed, 4S8 
what are, 488 
Electrometer, 881 
Electro-metallurgy, 418 
Eleetrophorus, 880 
Electroscope, 381 
Electrotyping, 418 
Electrodes, what are, 418 
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,11 
number oi; 11 
ElciTAtloni, how d«taniiined Ij fbe boOiiig 

point of water, 248 
BmbMikmenta, whj made ilroogcr at the 

bottom than at the top, 18S 
Endoamoae, what is, 140 
Engine, flre, oonitraeti<m of, 188 
^^ iteam, «51-«64 
Engraving, how aflboted bj deefero-metal- 

lorgy7«5 
Entablature, diridons of, Itl 

what ia, 121 
Eqnilibrlnm indifferent, 48 
law of, in aU 
■teUe, 48 
Qnatable,48 
what la, 46 
Equinoctial ftorm, 291 
En^oratlon, 288 

eireomatanoea inflaeneing, 289 
influence of tonperatnre on, 
240 
Exoamose, what ia, 146 
EzpanaibiUty, what is, 16 

iUnstrationa of, 16 
Eipansloo Ij heat, 228 

how measured, 288 
Eye, S47 

how Judges of riae and distance, 8M 
how moTed, 848 
optic axis of, 368 
structure of in man, 848 



Facade of a building, 121 

Far-sightedness, cause of, 852 

Feather attracts the earth, 82 

Fibrous substances non-conductors of heat, 

219 
Filtration defined, 19 
Fire, what is, 209 

FishM, structure of the body of, 164 
Flame, what is, 200 
Flexibility, what is, 26 
Flies, how walk upon ceilings, 176 
Floating bodies, laws of, 138 
Fluid, electric, 403 
Fluids, what are, 24 
Fly-wheel, use of, IT 
Focus, what is a, 322 
Form of bodies dependent on heat, 228 
Fordtig-pump, consbuction of, 183 
Force defined, 21 

accumulation of, 8T ■* 

internal, 22 
magnetic, 418 
molecular, 22 
real nature of, 21 
Forces, great, of nature, 21 
electro-motive, 401 
Fountains, ornamental, principle of con- 
struction of, 185 
Friction, 112 

advantages of, 118 
how diminished, IIS 
kinds of, 112 
rolling, 112 
sliding, 112 



Friction, heat prodneed by, 814 

Freesing mixtures, oanmositiom ot, 845 

Frleae in architecture, 121 

Frost, origin of, 2T8 

Fuel, what ia, 865 

Fnlenxm defined, 98 

Furs, why used for clothing, 819 

Fomaees, hot-air, 964 

how coostnseted, 866 



Oalvanlsm, 998 _ 

Gslvanic action, how inereaaed, 408 
battery, 401 

heating effBcta of; 408 
phvalologioal eflfecta o( 

Galvanometer, 480 

Gamut, the, 196 

Gas, how diiTers from a Hqoid, 89 

what is, 23 
Gases, how expand by heat, 232 

specific gravi^, how determined, 41 
Gaseous bodies, properties of, 23 
Gasometers, construction of, 179 
Gears, in wheel work, 101 
Glass, opera, 365 
Glasses, sun, 209 
Glottis, what is the, 203 
Glue, why adhesive, 26 
Grain weight, origin of, 34 

bearing plants, oonfltmetlon of the 
stems of, 118 
Gravitation, attraction of, how Tsriea, 80 
defined, 30 
terrestrial, 82 
Gravity, action of; on a &lling body, 55 
center of, 45 
specific, 87 
Green wood, unprofitable to bum, 266 
Grindstonea, how broken by oentrifhgal 

force, 80 
Guage, barometer, 869 
steam, 260 
rain, 277 
Gun, essential properties of, 76 
Gunpowder, effecave limit of the force c^ 
77 
force of 76 
Gurgle of a botUe explained, 180 



HaU, what is, 280 

storms, where most fkrequent, 281 

stones, formation of, 281 
Halos, what are, 336 
Hardness, what is, 26 
Hearing, conditions for distinctness In, 800 

range of human, 208 
Heat, 205 

how diffuses itself, 206 

how measured, 206 

distinguishing characteriatie of, 206 

nature of, 207 

theory of, 207, 208 

and light, relations between, ^M 

devoid of weight, 209 
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Heat, sourcea of, 200 

influenoe extends how for into the 

earth, 211 
of chemical action, 212 
greatest artificial, 212 
deriyed from meehanieal action, 218 
latent, 213 
sensible, 218 
of yital action, 214 
of friction, 214 

conductors and non-conductors of, 216 
radiation of, 216 
communication of, 216 
conducting power of bodies, how di- 
minished, 218 
1 radiators of, 223 



good radiators of, 223 
how propagated, 223 
velocity of, 223 



how reflected, 224 

rays of, what is meant by, 224 

absorption of, 225 

expansion by, 228 

how transmitted through different 

substances, 226 
effects of, 227 

sotur, compound nature of, 227 
force of 63cpanidon of, 229 
expansion ef^ practical fllastrations 

of, 229 
latent, when rendered sensible, 246 
capacity for, 247 

quantity of, different in all bodies, 247 
specific, 247 
Helix, constrnction of, 433 
Horse power defined, 88 
Houses, haunted, explanation of, 200 
Humidity, absolute and relatiye, 268 
Hurricane, what is a, 286 ' 
Hurricanes, where most frequent, 285 
space traversed by, ^ 
velocity of, 286 
Hydraulics, 148 

Hydraulic engines, cause of theloss of power 
in, 168, 159 
ram, oonst^'uction of^ 161, 162 
Hydrometer, what is a, 141 

uses of, 141 
Hydrostatics, 123 

Hydrostatic press, construction of, 126, 127 
Hydro-extractor, 80 
Hygrometer, how constructed, 269 



Ice, origin of bubbles in, 232 

heat in, 206 
Images, when distorted in mirrors, 303 
Impenetrability, 12 

illustrations of, 18 
Incidence, angle of, 71 
Inclined plane described, 106 

advantage gained by, 106 
Induction, magnetic, 421 
Inelastic bodies, results of collision of, 69 
Inertia, what is, 16 

examples of, 17 
Inkstand, pneumatic, 179 
Insects, how produce sound, 206 
Insulation, 874 
Intensity in electricity, what is, 408 



Iron, galvanized, what is, 416 
how made hot, 206 
how roidered magnetic by Indnctikin, 

421 
tbips, principle of flotation o^ 140 
soft, how magnetixed, 421 
why stronger fhui wood, 29 



Ealeidosoope, construction of, 807 
Key-note, what is, 201 



Lakes, salt, origin of, 124 
Lamp-wick, how raises oil, 145 
Lantern, magic, what is, 867 
Larynx, description of, 203 
Laughing, what is, 205 
Law, physical, definition of a, 10 
Lens, achromatic, 328 
axis of, 321 
defined, 319 
focal distance of, 321 
Lenses, varieties of, 319 
Level, spirit, construction of, 137 

what is a, 53 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantages of, 07 
kinds of, 93 
what are, 93 
Leyden jar, 882 
light, absorption of, 300 
analysis of, 326 
chief sources of, 294 
corpuscular theory of, 298 
divergence of rays of, 296 
electric 410 
good reflectors of, 801 
how analysed, 826 
how propagated, 296 
how refracted by the atmosphere, 

814 
intensity of, how varies, 297 
interference of, 339 
moves in straight lines, 296 
polarized, 841 
polarization of, 342 
ray of, what is, 295 
refhiction of, 812 
same quantity not reflected at all 

angles, 305 
three principles contadned in, 344 
undulatory theory of, 293 
velocity of, 298 

how calculated, 290 
vibrations of, 889 
waves of, 339 
what is, 292 

when totally reflected, 316 
white, composition of, 326 
Lightning, identity of with electridty, 392 
mechanical effects of, 396 
rods, how constructed, 394 
space protected by, 895 
when dangerous, 896 
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. MotSN 

wbftlia.8H 
Uneb Tvrtioal, 68 
UqaefiieaoQ, wbftt is, 28T 
LiqoiA ftt nrt, oon^UoB of iba nrftM of a, 
188 
pnwore of m oolaiui oA 188 
▼hat is a, 28 
UqnUa, boiling point bow ehangod, 248 
flowing nrom a nMnroir, 149 
have DO partienlar fonn, 23 
iMat oondnefeing powar oi; 81T 
howoooled,222 
moTO upon each otbar witboatftio- 

tlon,124 
piuMure at, 12g 

iUnatrated, 126 
wby some froth, 180 
■pedfio gravity how foond, 89 
■pheroidal sUte of, 240 
to what extent expanded hy heat, 

220 
trannnit prewure in all direetlonB, 

125 
when do they wet a snrfiMe, 80 
Loadrtone, what ia a, 416, 417 
Loeka, eanal, how <qMrAted, 137 
Looomotfye, efficacy depends on what, 88 
Looking-glaiaea, how formed, 308 



IfMbine, what U a, 90 
if«i»ii»rt^« dlmlQiah force, 90 

do not produce power, 90 
how make additiona to 

power, 91 
how prodaoe economy of time, 94 
motion in, takea place when, 98 
■imple,93 
ICaehlnery, elements of; 93 

general adyantage of^ 92 
magnetic, 483 

when caught on a eenter, 118 
If agdebnrg hemispheres, 177 
Magnet, rotation of a, 431 

when traverses, 419 
Magneta, artificial, 418 
horse-shoe, ^M) 
native, 417 

power of arttfidal, 428 
what are poles of , 418 
llagnatio induction, 421 

phenomena, how aoooonted for, 

428 
polarity, 419 

power of a body, where resides, 
421 
Magnetism, 417 

animal, what is, 418 
electro, 429 

how excited by eleetricitv, 482 
how induced by the earth, 422 
why not available for propel- 
Ibig force, 433 
Magneto^ectrio machines, 438 
Mi^nifylng glasses, 324 
Magnitude, 12 

center of, 45 



MaIleaUllty,wbatla,98 

examples d^ 28 

Man, how exerts his greatest strength, 88 
estimated strength of, 88 

Mariotte*s Uws, what are, 160, 167 

Matter, eaose of ohaagea in, 81 
definition of, 11 
essential propertiea of, 18 
indestmcttUe, 18 
not infinitely divisible, 18 
■mallest quantity visible to the eya. 

Materials, atrei«fh of, 116 

upon what depend, 
Tl6 
Matting, how proteeta ol^eets from ftoal^ 

272 
Mechanical powen^ 93 
Meniscus, 8^ 
Meridian, magnetic, 4S5 

of ike earth defined, 86 
Metals, union of, how affects durability, 416 
Meteors, how differ fh>m shooting stars, 289 
Meteorites, what are, 288 
Meteoric bodies, supposed origin of, 288 

phenomena, 288 
Meteorology, 266 
Microscope, compound, 361 
solar, 868 
whatisa,860 
Microscopes, varieties of, 361 
Milk, why cream rises upon, 147 
Mirage, 315 
Mirror, plane, how reflects light, 308 

what is a, 302 
Mhrrors, burning, 308 
concave, 308 
convex, 311 
parallel, effect of, 306 
varietiea of, 802 
Miarissippi, does it flow up hffl, 168 

quantity of water in, 168 
Mists and fogs, how occasioned, 878 
Moisture In air, how determined, 869 
Moleenle defined; 14 
Momentum, how calculated, 66 
what is, 64 
fflnstrations of, 64 
Monaooni, theory of, 283 
what are, 283 
Moon, infinenoe of on weather, 291 
Motion, absolute and relative, 68 

accelerated and retarded, 68 
apparent, affected by diatanee, 809 
circnlar, illustrationB «£, 78 
compound, 72 

niustrations, 79 
imparted to a body not instantan» 

ously, 66 
perpetual, in machinery, not poarf* 

ble, 91 
perpetual, in nature, 91 

example of, 91 
reflected, what is, 71 
reversion of by belting, 101 
rotary. 111 
rectilinear, 111 
simple, illustrations of, 78 
uniform and variable, 63 
what is, 62 
when imperceptible to the eye, 869 
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Kortise, vbat i» a, 118 

Mountaina, height of, hov determined by 

the barometer, 178 
If oyementA, Tibratory, nature of, 188 
Mud, why flies Arom vheel of earriage, T9 
Maacular energy, how exdted, 87 
Music, scale in, 196 

notes in, how indicated, 196 
If osical sounds, 194 

N 

Natural Philosophy, definition ot 9 
Near-sightedness, cause of; 863 
Needle, magnetic, 428 

di];^ng, 425 

diurnal variation of, 428 

magnetic, directive power of, how 
explained, 426 

▼ariations, cause of, ^8 
Notes, musical, whe« iu unison, 195 
in mufllo, how indicated, 196 



Ooesn, depth of, 123 

extent of, 123 
Octaye in muidc, 195 
Oersted's discovery, 429 
Oils, how diminish friction, 113 
Opaque bodies, 994 
Optical instruments, 860 
Optics, medium in, 812 

science of, 292 



Fiaddles of a steamboat, when most efliBet- 

iye, 154 
Paper, blotting, why absorbs ink, 147 
Parabola defined, 74 
Paradox, hydrostatic, 126 
Pendulum, center of (MciUation of a, 89 

compensating, 60 

described, 36 

influence of length cu vibration 
of, 60 

length of a, seconds, 61 

times of vibration o^ 58 

compared, 58 

used as a standard for measure, 
61 
Perspective, what is, 356 
Photometers, construction of, 298 
Physics, definition of. 10 
Pilaster, what is a, 121 
Pile, in architecture, 120 

Zambonrs, explained, 404 
Piles, voltaic, 404 
Pipes, rapidity of water discharged fW>m, 150 

water, requisite streogUi oi, 184 
Pisa, leaning tower of, 49 
Pitoh, or tone, 195 
Plants, vital action of, 215 
Platform scales, 98 
Pliability, what is, 26 
Plumb-Une, 53 
Pneumatics, 168 
Polarity, magnetic, 419 



Poles, magnetic where sttoated, 486 

of ^vanic battery, what are, 403 

Pop-gun, operation ot, 167 

Pores, defined, 14 

evidence of the ezistenoe of, 15 

Porosity defined, 14 

Porter, why froths, 180 

Portico, what is a, 121 

Power, agents of in nature, 87 

and resistance defined, 63 
and weight in machinery defined, 93 
led in work, how ascertained. 



mechanical effect of, how estimated* 

92 
moving, effect o^ how expressed, 89 
space and tim& how exchanged for, 
92 
Press, hydrostatic, 127 
Prism defined, 818 
Projectile, what is, 74 
Projectiles, laws of, 74 

range of; 75 
Propellers, advantage over paddle-wheels, 
155 
construction of, 165 
Pugilists, blows of, when most severe, 69 
Pulley defined, 102 
kinds of, 102 
fixed, described, 102 
movable, 108 
PuUeys, advantage of, 104 
Pump, air, 177 

chain, 160 
common snction,181 

when invented, 100 
forcing, construction ot 183 
Vera'B, 146 
Pyrometers, 233 



Quantity in electricity, what is, 406 



Badiation of heat proceeds from all bodies, 

223 
Rain, what is, 277 

why falls in drops, 277 
formation of, on what depends, 277 
guage, 277 

yearly estimated quantity of, 279 
where most abundant, 27B 
Rain-bow, what is a, 383 
when seen, 335 
why semicircular, 885 
Ram, hydraulic, construction and operatlMi 

of, 161, 162 
Range in gunnery, 75 

greatest, when attained, 75 
Rays of heat, what meant by, 224 
Reflection, angle of, 71 
Reflectors of heat, best, 225 
Refraction, index of, 816 
double, 840 

how accounted for, 81T 
Refrigerators, oonstrnction of, 221 
Regulators of steam-enginfls, 266 
Repulsion, whatio, 22 
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Rupnlriim, tad attnafcioii, magnefclo, 419 
Betina of the eye, 348 
Kioochet firing, 77 
Bifle, Mini^, oonstraetlon of, 77 
how efghted, 78 - 
XiTen, why rarely ifcraight, 86 
Telocity of; 162 
f water diacbaive oi; 153 
Boada, inclination of, now estimated, 106 

how Bhoald be made, 106 
Bode, discharging, 880 
Boom, how best ventlUted, 264 
Booms for speaking, how constnusted, 201 
Bope-daadiig, art of, 52 



B 

Safes, fire-proof, how eonstrDeted,221 
Sandstones, why ill adapted for architeetorsl 

purposes, 123 
Saw-dust, utility of in preserring fee, 220 
Scales, hay and platform described, 98 
Scarfing and interlocki]^ 117 
Scissors, a variety of lever, 94 
Screw, advantage gained by, 109 

applications of, 109 

defined, 108 

endless, 110 

Hunter's, 110 

nut of, 106 

of Archimedes, 169 

thread of; 100 
Screw-propeller, what is a, 166 
Sea, proximity to, mitigates cold, 266 
Shadow, what is a, 296 
Shadows, how increase and diminish, 297 
Shell, sea, cause of the sound heard in, 199 
Ships, copper sheathing of, how protected, 

iron, why float, 140 
Shooting-stars, how accounted for, 200 
Short-sightedness, cause of, 362 
Shot, how manufactured, 30 
Silver, adulteration of, how detected, 43 
Simmering, what is, 241 
Skull, human, combines the principle of the 

arch, 120 
Smoke, why rises in the air, 48 

why ascends in chimney, 261 
rings, origin of, 187 
Sneesii^ what is, 205 
Snow crystals, 280 

flake, composition of, 280 
how formed, 280 
Une of perpetual, 248 
protective influence of against cold,220 
what is, 280 
Soft, when is a body, 26 
Solar microscope, 368 
SoUd, what is a, 23 
Solids, why easily lifted in water, 139 

specific gravity, how determined, 39 
Solution, what is a, 237 

how diflfers from a mixture, 28T 
when saturated, 237 
Sound, conductors of, 192 

how decreases in intensity, 192 
how propagated, 190 
interference of waves of, 194 
loudness of, on what depends, 194 



Sound, reflection o^ 19T 
velocity of; 193 
what is, 188 
when communicated most readily, 

191 
when inaudible, 190 
Sounds, musical, 194 

not heard alike by all, 203 
seem louder by idght than by day, 
191 
Spark, electric, 388 
Speaking, rooms suitable for, 201 
Specific gravity, 37 

how discovered, 44 
how found, 38 
standard for estimating, 38 
practical applications of, 44 
Spectacles, what are, 360 
Spectrum, solar, 326 
Springs, intermitting, 185 

origin of, 136 
Spy-glass, what is, 36^ 
Stability of bodies, depends on what, 48 
Stairs are inclined planes, 107 
Stars, shooting, 289 

height of, 289 
Steel, how tempered, 27 

how magnetized, 421 
Steel-yard described, 97 
Steam, advantages of healing by, 266 
elastic force of, 249 
superheated, 250 
high pressure, 260 
formed at all temperatures, 889 
guage, 259 
' how rendered useftJ, 262 
pressure of, how indicated, 260 
true, invisible, 238 
when used expansively, 255 
Steam-boilers, cause of explo^on of, 268 
whistle, 260 
engine, what is, 251 

condensing, 253 
construction of, 253 
high pressure, 254 
regulators of, 266 
greatest amount of work per- 
formed by, 251 
Stethoscope, construction of, 192 
Still, construction of, 243 
Structure, influence of the parts on tlie 

strengtii of a, 117 
Stone for architectural purposes, how se- 
lected, 122 
Stool, insulating, 880 
Stove, why snaps when heated, 280 
Stoves, how differ from open fire-place, 963 
disadvantages o^ 264 
why placed near the floor, 961 
Sublimation, what is, 243 
Sucker, the common, 175 
Suction, what, is, 169 
Sugar, how refined, 242 

how absorbs water, 146 
Sun does not really rise and set, 84 
heat of, why greatest at noon, 210 
the greatest natural source of heat, 909 
nature of the surface of, 210 
Surface defined, 12 

spherical, definition of a, 188 
Syphon, what is a, 184 
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Syphon, action of, 184 
Syringe, principle of, 176 



Tackle and fall, what is a, 106 
Telegraph, atmospheric, 181 
Bain's, 436 
chemical, 436 
House's, 436 
Morse's magnetic, 434 
printing, 436 
Telegraphic method, the first proposed, 436 

wires, insulation of, 436 

Telescope, equatorial, 363 

reflecting, 366 

refracting, 363 

what is a, 363 

Temperature, ayerage, how found, 267 

greatest natural ever obserr* 

ed, 210 
in winter and summer, difiier- 

ence between, 210 
meaning ot 266 
varies with latitude, 96T 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 * 

how graduated, 234 
centigrade, 235 
mercurial, described, 234 
Reaumur, described, 235 
Thermometer-air, described, 236 
Thermo-electricity, what is, 416 
Thunder, cause of, 393 

storms, where most prevail, 994 
Tides, origin of, 32 

Toes, advantage of turning out In walk- 
ing, 60 
Tone in sound, 196 
Tongueing, what is,' 117 
Tornadoes, how produced, 287 

what are, 287 
Torpedo, electrical efifects of, t91 
TorriceUi's invention, 169, 170 
Trade winds, cause of, 283 

direction of, 283 
Transparent bodies, 294 
Troy weight, 34 
Trumpet, ear. what is an, 200 

speaking, construction of, 199 
Tubes, capUlary, height to which water 

rises in, 143 
TwiUght, 314 
Twinkling, what is, 338 
Tympanum of the ear, 202 



Vacuum, what is a, 168 
Valve, definition of, 182 

safety, 258 
Variation, Unes of, 426 
Vapor, always present in air, 239 

appearance of, 288 
Vapors, elasticity of, 248 

formed at all temperatures, 2S8 
Vault, what is a, 120 
Velocity defined, 63 



Velocity of moving body, how determined, 

63 
Vena contracta, what is the, 160 
Ventilation, what is, 260 

when perfect, 260 
Vessels of liquid, pressure upon the bot- 
tom of, 131 
Vibrations of sound, nature of, 188, 189 
Views, dissolving, 368 
Vision, angle of, 364 

deceptions of, 867 
double, how produced, 864 
phenomena of, 347 
Vital action, 214 
Voice, compass of, 200 

how produced, 203 
organs of, 201 
Voltaic piles, 404 
Volume defined, 12 



W 

"Walls, how deafened, 192 
Warming and ventilation, 260 
Warp and woof, 117 
Watch, how differs from a clock, 60 
Water as a motive power, 156 
boiled, why flat, 180 
boiling, temperature of, 241 
composition of, 123 
compressibility of, 124 
decomposition of, 412 
elasticity of, 124 
expands in freezing, 281 
force of expansion of in freezing, 238 
freezing temperature of, 282 
greatest capacity of all bodies for 

heat, 248 
how high rises in a pump, 182 
how made hot, 221 
illustrations of the pressure of, 130 
imparts no additional heat after boil- 
ing, 244 
Inclination sufficient to give motion 

to, 152 
level, 136 
power defined, 88 
pressure at different depths, 181 

how calculated, 132 
sound of falling, how produced, 204 
spouts, what are, 287 
supply of towns, 134 
to what degree can be heated, 249 
velocity of in pipes, how retarded, 18i 
when has its greatest density, 231 
why rises by suction, 169 
why rises in a pump, 182 
Waters, comparative purity of, 12S • 

Wave, a form, not a thing, 163 
Waves, height of, 153 

optical delusions of, 158 
origin of, 163 
of sound, 190 
Weather, popular opinions concerning, 291 
Wedge, what is a, 106 . 

when used in the arts, 107 
how the power of increases, 107 
Weight, absolute, what is, 38 

how determined by spe- 
cific firravity. 42 
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Wtli^t,lK»irviflei,n 

of a bodj, when gnfttect, tt% 
Wdghta Mid meMores, itMidards o^ 84 
French Byvtein of; deaeribed, 3S 
United States standaid of, M 
Welding deeeribed, S» 
Well-aireep, old ftdiioned, 160 
WeOa, Arteiieo, oonrtraetion oft 186 

origin of water in, 186 
Wet dothea, why ii^ariooB, MS 
Wheel and axle, action, of W 
•pinning^ 101 

tonrbine, adTutagee of, 168 

work, compound, familiar iUoitra- 

tions of, 101 
Wheela, breast, conetmetion oi; 167 

eog, 101 

oyerehot, 167 

toarblne, 168 

undershot, 16d 



paddle, power lost br, 164 
Inds, how prodnoed, W 
Whistle, steam, %» 



Whirlwinds, how I 



Wlneh,whatisa, 99 
Wind, principal cause oi, tSi 

what b, 281 
Wind-pipe, what is the, 908 
Whidlass described, 100 
Winds, force of, how calculated, 8tS 
of United SUtes, 986 
trade, 988 
TsriaUe, where preraU, 984 

Telocity of; 281 
Wood, a bad conductor of heat, 218 

eomparative value of for fuel, 9M 

hard, why difficult to ignite, 968 

made wet, why swells, 148 

snapping of, 19 

water in, 265 

weight of, 966 
Woods, when hard and when soft, 966 
Wolens, why used for clothing, 819 
Woof of doth, 117 
Work of different forces, standard of oom« 



paring, 
Working 



orUng-point in machinery, 99 




ROBINSON'S 

Progressive Course of Mathematics. 

This Series, being the freshest^ most complete and scientific course of 
Mathematical Text-Books published, is more extensively used in the Schools 
and Educational Institutions of the United States, than any competing 
seriesL 

In its preparation, two objects have been kept constantly in view: JTrVx/, 
to furnish a full and complete Series of Text-Books, which should be suffi- 
cient to give the pupilzitLOTOVighBnd^aciicaiSustMets Education / Second^ 
to secure that initlUeiuat culture without which the mere acquisition of 
book knowledge is almost worthless. 

All the improvements of the 6e*t modem Text-Books, as well as many 
new and original methods, zxA practical operations^ not found in other simi- 
lar works, have been incorporated into these books, and no labor or 
expense has been spared to give to the public a clear, scientific* compre- 
hensive, and complete system, not encumbered with unnecessary theories, 
but combining and systematizing real improvement* of a practical and 
useful kind. 

This Series is more largely in use than any competing^ series^ and is 
used in more Normal Schools than all other series combined. 

Robinson^s is justiy pronounced superior to all other mathematical series. 

In conforming to the legal standard^ and to the law of usage in the 
use oitchle forms and applications, 

\xi philosophical ^xA scientific arrangement 

In conciseness of rules, brevity and accuracy of definitions. 

In number and variety ol practical examples. 

In full, logical^ and comprehensive analyses. 

In newy original, and itnproved methods of operations, 

In adaptation to the various grades of scholurship in all our Schools. 

In unity of plan, and in clearness tind perspicuity of style. 

In scientific accuracy ^ combined yMi practical utility. 

In typography y bindings and beauty, 

^^r Full descriptive Circulaks of the series^ with titles and prices, 
will be sent by mail on application, 

V THE EDUCATIONAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
date respectively January, May and September, and will be Bent to teachers 
and educationists, without charge, on application. 

Mson, Blakeman, Taylor & Co., 

BDUCATIONAL PTTBUSHERS, 

138 & X40 Grand St., Nbw. York. 133 & 135 Statk St., CmcACO. 
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SWINTON'S 

WoRD-BooK OF English Spelling, 

ORAL AND WRITTEN: ' 

Designed to attain practical results in the acquisition of the 
ordinary English Vocabulary, and to serve as an introduction to word anal- 
ysis. By Prof. William Swinton, Prof, of the English Language, Univer- 
sity of California, author of Condensed Hist, U. S,^ Rambles among WordSy 
&*€ y ^c. 154 pages. Price 25 cents. By mail on receipt of price. 

This Speller has been pronounced U be^ wherever examined^ the most 
complete and practical work 0/ the kind ever Published, It has reached 
an enormotts annual sale. 

Every practical teacher should examine this new work. It is designed 
to attain practical results in the acquisition of>the ordinary English vo- 
cabulary, and to serve as an introduction to Word-Analysis, and is 
adapted to ungraded schools, and to the lower classes of grammar schools. 
Spelling is the leading- idea ; but at the same time a foundation is laid for 
the subsequent study of words and of language. 

Some of the technical points of superiority claimed for the Word-Rook 
over the old time " spelling books " are : 

X. Short lessons. 

3. A careful division of lessons into written, spelling and oral. 

3. A specific division of lessons into monthly and yearly sections. 

4. Systematic monthly, yearly and general review lessons, by means 
of which the spelling of the more difficult words is secured by continued 
repetition 

5. A careful arrangement of the vowel sounds, as an aid to correct pro- 
nunciation. 

6. A distribution in easy lessons of abbreviations, colloquial words, 
Americanisms, French and Latm words met with in the daily papers, &c. 

7. A classification of words with reference to roots, prefixes and suf- 
fixes, in which general definitions are incidental to the spelling. 

8. The introduction into the spelling lessons of anew and suggestive 
classification of words, with reference to their leading ideasy thus giving life 
and Interest to the study. 

9. The practical character of the b'ook by which the pupil is taiijght the 
actual vocabulary of speaking and writing, not tens of thousands ofnever- 
employed terms, and ^^ long-tailed words in osity and ation." 

•••THE EDUCATIONAL REPORTEB-Full of interesting and valuable 
Educational information, is published three times a year, bearing date respect 
ively January, May and September, and will be sent to teachers and educa- 
tionists, without charge, on application. 

Mson, Blakeman, Taylor & Co., 

SntrOATIOlTAI. PUBLXSHBBS, 

138 & 140 Grand St., New York. 188 ^ 186 State St., Chicago. 
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Standard French Course. 

By Louis Fasqukllk, LL. D., late Professor of Modern Languages in the 
University of Michigan. 
The plan of this popular Series embraces a combination of two rival 
systems : the Oral, adopted bv Ollendorff, Robbktson, Manesca, and 
others, with the old Classical or Grammatical System. One of its principal 
features is a constant comparison of the construction of the French 
AND English Languages. The Reading Books are selected from the best 
French Authors, carefully edited, with copious Notes and References, 
and neatly executed. The*' Course" has been republished in England, 
and is in successful use in the Schools of that country. 

Standard German Series. 

By W. H. Woodbury, A. M. 
This Series is founded on similar principles with Fasquelle's French 
Series, and is highly commended and laxgely used by the best teachers 
of the language in the country, ^^w It comprises a Full Course in the 

STUDY OF the LANGUAGE. 

STANDARD SERIES OF 

Progressive Spanish Readers. 

By Pro£ L. F. Mantilla. 

These Readers are specially intended for Schools in the West India 
Islands, Mexico and the Spanish South American States, but will answer 
every purpose for the acquirement of the Spanish language by any one 
who desires to make it a study. 

^^ Fui/ descriptive Circulars ivith titles and prices^ of the above 
series will be forwarded by.mail on application. 

TAYLOR'S Greek Grammar. 

AN ELEMENTARY GRAMMAR OF THE GREEK LAN- 
guage, with Exercises and Vocabularies. By Samuel H. Taylor, LL. 
D. Based on the 25th edition of Kuhner's Grammar. 400 pages. 
Price I1.60. 

KENDRICK'S GREEK INTRODUCTION. By Asahel C. 
Kbndrick, D. D., Professor of Greek in the Rochester University. 
Z73 pages. 80 cents. 

SPENCER'S GREEK PRAXIS. By J. A. Spencer, S.T. D., Pro- 
fessor of Greek in the College of the City of New York. A new and 
excellent work, with Notes and a Vocabulary, z voL cloth. $x.oo. 

TIROCINIUM J or, First Lessons in Latin. By D. Bendan, Ph. D. 

154 pages. 60 cents. 
ARS OR A TOR I A : Selections prom Cicero and Quintilian on 

Oratory. With Notes. By Martin Kellogg, Professor of Latin and 

Greek in the University of California, z vol. handsomely bound in 

cloth. Z57 pages. Price $z.2S. 

IviBon, Blakeman, Taylor & Co., 

educational publishers, 
Z38 & Z40 Grand St., New York. Z33 & 135 State St., Chicago. 
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The Standard School Dictionaries 

OF THB 

ENGLISH LANGUAGE. 

By NOAH WEBSTER, LL. D. 

This popular Series is tery mstiy res^arded as the only National stand- 
ard authority in Orthography, I>BPiNmoN and Pronunciation, and as such, 
these works are respectfully commended to Teachers and others as the 
best Dictionaries in use. 

More than TEN times as many are sold of Wbbstbr*s Dictionaries as of 
any other series in this country, and they are much more extensively used 
than all others combined. 

At least four-fifths of all the School-Books published in this country own 
WsBSTKR as their standard ; and, of the remamder, few acknowledge any 
stsmdsrd. 

New Editions of the Primary, Common School, High School, Academic, 
and Counting-House Dictionaries, have been issued, containing important 
additions and improvements, and copiomsfy illuHrated. The cuts are num- 
erous and finely engraved, and introduced not merely as embellishments, 
but as veritabU illustrations, and designed to give a better understanding 
of the words and terms under which tney occur. 

^i^ Descriptive Circulars, with titles and prices ^forwarded on appli' 
cation. 



THE GREAT STANDARD. 

WEBSTER*S UNABRIDGED DICTIONARY. New Illustrated 
Edition. Thoroughly revised and much enlarged. Published by 
G. ft C. MsRRiAM, Springfield, Mass. In one volume, royal quarto, 
1,840 pages, in various common and fine bindings. Price, plain sheep, 
marble edges, $za.oo. 

It contains over 3,000 fine engravings^ 

It contains lo^ooo words and meanings not in other dictionaries. 
It is a well-nifi^h indispensable requisite for every lawver, clexgjrman, 
and other professional man, as well as every intelligent family. 

It contains one-fifth, or one-fourth more matter than any former editions. 
It is from new electrotype plates and the Riverside Press. 

♦♦♦THE EDUCATIONAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
date respectively January, May and September, and will be sent to teachers 
and educationists, without charge, on application. 

Mson^ Bktkeman, Taylor & Co., 

BDUCATIONAL FUBLISHBRS, 

138 & 140 Grand St., New York. 133 ft 135 State St., Chicago. 
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